Julm  #rr(L-U)tiui. 


A 


. ^ 


(. 


. \ 


;;'1' 


■f. 


m- 


. ELEMENTS 


OF 


CHEMISTRY. 


JOSEPH  FRANCIS  JACQUIN, 

jPROFtSSOR  OF  CHEMISTRY  AND  BOTANY  AT  VIENNA 
FELLOW  OF  THE  LINNEAN  SOCIETY  AT  LONDON; 
and  member  of  SEVERAL  ACADEMIES  OF 
SCIENCE,  AGRICULTURE,  &C. 


Non  figendum  aut  excogitaiidum,  sed  inveniendum  quid  natura 
ferat  vel  facial. 

BACO. 


THE  THIRD  EDITION. 


TRANSLATED  FROM  THE  GERMAN, 


%omonx 

PRINTED  FOR  THOMAS  OSTELL,  NO.  3,  AVE  MARIA  LANE', 
PATERNOSTER-ROW. 


1803. 


/?Tr^ 


J.  Cundee,  Printer, 
, Ivy-Lane. 


Mr.  JACQUIN  wrote  thefe  Elements 
with  a view  to  convey  to  the  young  ftudent 
a knowledge  of  the  moft  important  truths  in 
chemiftry.  The  work,  on  its  publication, 
met  with  a very  favorable  reception,  and 
a copy  of  it  having  fallen  into  my  hands,  and 
being  pleafed  with  the  accuracy  and  fimplicity 
by  which  it  is  fo  eminently  diftinguiflied,  I 
thought  it  might  be  beneficial  to  the  public 
to  tranflate  it  into  Englilh.  In  acquitting  my- 
felf  of  this  talk,  I have  paid  that  fcrupulous 
attention  to  accuracy,  fo  eflTential  in  works 
of  fcience. 


HENRY  STUTZER, 


L • D; 


I 


Digitized  by  the  Internet  Archive 


https  ://arch  i ve . org/detai  Is/b22034808 


n.,  

CONTENTS. 


Introduction 

Fage 

1 

I.  Of  chemical  Solution  ’ • 

7 

II.  Of  chemical  ajinities 

^7 

III.  Of  Caloric  or  the  Matter  of  Heat 

26 

IV.  Of  the  Matter  of  Light 

36 

V.  Of  the  Atmofphere 

38 

VI.  Of  Water  * 

47 

THE  MINERAL  KINGDOM. 

VII.  Of  Salts  in  general 

53 

VIII.  Of  nitrate  of  PoUafh 

59 

IX.  Of  nitrate  of  Soda 

74 

X.  Of  nitrate  of  Ammoniac 

75 

XI.  Of  muriate  of  Soda 

77 

XII.  Of  muriate  of  FoUaJh 

85 

XIII.  Of  muriate  of  Ammoniac 

86 

XIV.  Of  Sulphate  of  Pot-afi 

89 

>3 

VI 


CONTENTS. 


Page. 

XV.  Of  falphate  of  Soda  91 

XVI.  Of  fulphate  of  Ammoniac  92 

XVII.  Of  Borax  93 

XVIII.  Of  h orate  of  Pot-afh  96 

XIX.  Of  borate  of  Ammoniac  ibid. 

XX.  Of  the  ßuoric  Acid  97 

XXL  Of  alkaline  Fluates  98 

XXII.  Of  the  carbonic  acid  99 

XXIII.  Of  carbonate  of  Pot-afJi  ^ 101 

XXIV.  Of  carbonate  of  Soda  103 

XXV.  Of  carbonate  of  Ammoniac  105 

XXVI.  Of  Earths  in  general  107 

XXVII.  Of  calcareous  Earth  lc8 

XXVIII.  Of  fulphate  of  Lime  111 

' XXIX.  Of  nitrate  of  Lime  112 

XXX.  Of  muriate  of  Lime  113 

- XXXI.  Of  fuate  of  Lime  114 

XXXII.  Of  borate  of  Lime  115 

XXXIII.  Of  carbonate  of  Lime  ' 116 

XXXIV.  Of  Baryt  ’ 117 

XXXV.  Of  fulphate  of  Baryt  < ' 118 

XXXVI.  Of  nitrate  of  Baryt  119 

XXXVII.  Of  muriate  of  Baryt  120 

XXXVIII.  Of  carbonate  of  Baryt  , 121 

' XXXIX.  O/Mtignefics  ^ 'i22 


CONTENTS.  Vll 

Page 

XL.  Oj  fulphate  of  Magneßa  122 

XLI.  Of  nitrate  of  Magneßa  124 

XLII.  Of  muriate  of  Magneßa  125 

XLIII.  Of  carbonate  of  Magneßa  126 

XLIV.  Of  Alumine  ^27 

XLV.  Of  Alum  128 

XLVI.  Of  the  other  aluminous  neutral  Salts  130 

XLVII.  Of  Silex  13» 

XL VIII.  Of  Jargon.  133 

XLIX.  Of  the  earth  of  adamantine  Spar  ibid. 

L.  Of  inflammable  Bodies  ^34 

LI.  Of  the  Diamond  ibid. 

LII.  Of  Sulphur  135 

LI II.  Of  acids  of  Sulphur  in  general  136 

LIV.  Of  the  fidphuric  Acid  13^ 

LV.  Of  the  fulphureous  Acid  139 

LVI.  Of  Sulphur ets  14^ 

LVII.  Of  the  fulphurets  of  PoUaßi  and  Soda  ibid; 
LVIII.  Of  fulphuret  of  Ammoniac  144 

LIX.  Of  fulphuret  of  Lime  146 

LX.  Of  fulphuret  of  Baryt  147 

LX  I.  Of  fulphuret  of  Magneßa  148 

LXII.  Of  Sal  Polychreß  ibid. 

LXIII.  Of  Fulminating  powder  149 

LX  IV.  Of  Gun-powder  150 

A4 


■ VUi 


CONTENTS* 


LXV.  Of  Naphtha  , 

Page 

153 

LX VI.  Of  Petroleum  and  Malta 

ibid. 

LXVII.  Of  Afphallum  and  Jet 

154 

LX  VIII.  Of  Amber  ' 

155 

LXIX.  Of  Ambergris 

158 

LXX.  Of  Copal 

159 

LX  XI.  Of  Metals 

160 

LXXIL  Of  Gold 

165 

LXXIII.  Of  Platina 

169 

LXXIV.  Of  Silver 

171 

LX XV.  Of  Mercury 

176 

LXXVI.  Of  Copper 

187 

LXX  VII.  Of  Iron 

J91 

LXXVIII.  Of  Tin 

200 

LXXIX.  Of  Lead 

203 

LXXX.  Of  Antimony 

206 

LXXXL  Of  Zinc 

217 

LXXXII.  Of  Bifmutk 

220 

LXXXIII.  Of  Nickel  ' 

222 

LXXXIV.  Of  Cobalt 

223 

LX  XXV.  Of  Manganefe 

224 

LXXXVI.  Of  Arfenic  ^ ; 

, 327 

LXXXVII.  Of  Tungflen  ■ ' ' f 

230 

LXXX  VIII.  Of  Molybdcna  ' ' " 

232 

LXXXIX.  OfVranite  ' : ' - 

' 234 

CONTENTS» 


IX 


THE  VEGETABLE  KINGDOM. 

XC.  Examination  of  vegetable  Bodies  in  a degree 
of  heat  eqiial  to  that  of  boiling  Water 
XCI.  Of  Infufon  238 

XCII.  Of  Decoäion  . 239 

XCIII.  Of  Extracts  242 

XCIV.  Of  Fecula  - 244 

XCV.  Of  difiilled  Waters  247 

XCVI.  Of  etherial  or  volatile  Oils  251 

XCVIL  Of  Fat  or  fixed  Oils  254 

XCVIII.  OfWax^  Refins^  Balfams^  and  Gums  257 
XCIX.  Of  Camphor  259 

C.  Of  Sugar  260 

Cl.  Of  the  Salt  of  Sorrel  262 

CII.  Of  the  Benzoic  Acid  264 

cm.  Of  the  Citric  Acid  265 

CIV.  Of  the  Malic  Acid  ibid. 

CV.  Of  the  Gallic  Acid  2.ß*j 

CVI,  Of  other  native  vegetable  Salts  268 

evil.  Concerning  the  effeEls  of  a higher  tempera^ 
ture  upon  Plants  and  their  component 
Parts  269 

C VI  II.  Of  the  particular  effeä  of  a higher  tem- 
perature upon  fomc  of  the  parts  of 
vegetables  275 


X 


CONTENTS, 


Page 

CIX.  General  conßderation  of  the  remoter  pr in- 

ciples  of  plants,  277 

CX.  Of  Fermentation  in  general  278 

CXI.  Of  the  fpirituous  Fermentation  ibid 

CXII.  Of  Tartar  ' 288 

CXI  1 1.  Of  the  acid  Fermentation  290 

CXIV.  Of  the  putreJaBion  of  Vegetables  299 

CXV.  Theory  of  Fermentation  301 

CXVl.  Of  fome  particular  pharmaceutical  Pre- 
parations 302 

THE  ANIMAL  KINGDOM. 

CXVII.  Of  Milk  309 

CXVIII.  Of  Blood  318 

CXIX.  Of  the  Pnijfic  Acid  325 

CXX.  Of  Bile  328 

CXXI.  Of  the  Gafric  Juice  330 

CXXII.  Of  Tears  332 

CXXIII.  Of  Mucus  334 

eXXIV.  Of  Saliva  ibid. 

eXXV.  Of  Pus  336 

exXVI.  Of  Semen  338 

CXXVII.  .0/  Fat  339 

CXXVIII.  Of  Eggs  342 

CXXIX.  Of  the -white  and  foft  parts  of  Animals  344 


CONTENTSi  xi 

Page 

CXXX.  0/Mufcks  345 

CXXXI.  Of  Bones  346 

CXXXII.  Of  Phofphorus^  350 

CXXXIIL  Of  Hair,  Feathers,  and  Silk  354 

CXXXIV.  Of  Synovia  355 

CXXXV.  Of  Urine  358 

CXXXVI.  Of  the  Calculus  of  the  Bladder  360 

CXXXVII.  Of  the  Human  Fceces  362 

CXXXVIII.  Of  Sweat  ibid. 

CXXXIX.  Of  the  Humour  fecreted  in  Dropfy  3.63 
CXL.  Of  the  Humour  fecreted  hy  Büßers  364 

CXLI.  Of  the  Formic  Acid  365 

CXLII.  Of  the  Bomhic  Acid  366 

CXLIII.  Of  Cantharides  367 

CXLIV.  Of  Caßoreum  and  Muß  ibid. 

CXLV.  General  conßderation  of  the  proximate 

and  remote  principles  of  animal  Bodies  368 
CXLV  I.  Of  the  putrefaÜion  of  animal  Subßances  370 
Outline  of  the Phlogißic  Syßem  * 373 

Defcription  of  Woulfes  Apparatus  for  Compound 
Diflillation.  382 


ERRATA. 


Page  5^0  Line 
Setfl.  52  — 
Sed:,  150  — 
— 226  — 

Page  177  — 
Seft.  62^  — 

— 756  — 

— 772  — 

— 1014  — 


3 07539 

3 — combuftion 

3 — earthly 

I — oxy- muriatic 
8 — precipitated 
10  — vegetables 

4 — ley 

8 — trousgaz 
3 bread 


read  035^39 

— warmth# 

— • earthy 

I — nitro-murlatic  acid, 

— precipitate 

— vegetable 

— lie 

— nitrous  gaz 

— tread 


INTRODUCTION. 


I.  |OHEMISTRY  is  that  branch  of  natu- 

ral  philofophy  which  unfolds  the-  na- 
me of  all  material  bodies,  determines  the  number 
and  properties  of  their  component  parts,  and  teaches 
us  how  thofe  parts  are  united,  and  by  what  means 
they  rnay  be  feparated  and  recombined, 

II.  Chemiftry,  therefore,  is  a pra6lical  fcience, 
founded  entirely  upon  experience,  and  accurate 
obfervation  of  the  changes  which  bodies  under- 
go during  their  mutual  aäions  upon  each  other. 
When  we  compare  thofe  changes,  together  with  all 
their  concomitant  circumilances,  and  reafon  accu- 
rately upon  them,  we  find  the  laws  agreeably  to  which 
they  are  produced,  and  are  able  to  anticipate  the  re- 
fults  in  fimilar  cafes.  The  aggregate  of  thefe  laws, 
and  their  relation  to  one  another,  forms  the  Theory 
of  Chemiftry ; and  the  means  of  proceeding,  by  which 
any  chemical  change  is  accomplifhed,  are  termed 
Experiments,  Procefles,  Operations, 


2 


III.  The  fabje6ts  upon  which  Chemiftry  is 
employed  are  all  material  fubftances  capable  of  be- 
in^  included  in  veffels;  for  this  is  neceffarily  re- 
quired, in  order  that  a body  may  be  chemically  ex- 
amined. It  is  true,  modern  Chemifts  have  begun  to 
inveftigate  the  properties  of  fome  bodies  which,  per  fe, 
and  in  an  elementary  date,  do  not  anfwer  to  this 
maxim;  but,  as  Nature  does  not  produce  fuch  bo- 
dies in  a fimple,  but  always  in  a compound  ftate, 
therefore  the  limits  which  Boerhaave  prefcribed  in 
Chciniftry,  remain  eftablifhed,  viz.  That  a Chemift 
can  inveftigate  thofe  bodies  only  which  he  is  able  to 
conhne  in  veffels. 

IV.  Although  the  proceffes  and  experiments 
to  which  Chernifts  have  recourfe  to  ere6l  the  vaft 
edifice  of  their  theory,  be  extremely  numerous  and 
diverfified,  yet  they  may  be  reduced  to  two  fpe- 
cies,  which  comprehend  the  whole  art  of  Chemiftry. 
The  firft  is  analyfis,  or  decompofition;  the  fecond  fyn- 
thefis,  or  compofition.  In  analyfis,  the  parts,  of  which 
bodies  are  compofed,  arc  feparated  from  each  other. 
Thus,  if  you  reduce  cinnabar,  which  is  compofed 
of  fulphur  and  mercury,  into  fulphur  and  mercury, 
and  exhibit  thofe  two  bodies  in  a feparate  ftate,  you 
fay,  you  have  decompofed,  or  analyzed  cinnabar. 

V.  But  if,  on  the  contrary,  fcveral  bodies 
be  mixed  together,  and  a new  fubftance  be  produced^ 
the  procefs  is  then  termed  chemical  compofition,  or 
fynthefis.  The  cinnabar,  already  mentioned,  may 
afford  us  another  example;  for,  if,  by  fufion  and 
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fublimation,  you  combine  mercury  with  fulphur,  and 
thus  produce  cinnabar,  the  operation  is  termed,  che- 
mical compofition  or  compofition,  by  fynthefis* 

5 VI.  When  a body  is  thus  chemically  re- 
duced, and  its  principles  obtained  pure,  and  precifely 
in  the  fame  ftate  in  which  it  contained  them,  we 
readily  conclude,  that  that  body  mull  be  compofed 
of  fuch  principles;  and  that  the  inference  is  juft  is 
proved  by  fynthefis,  when,  by  a recombination  of 
thefe  principles,  the  former  body  is  invariably  ob- 
tained. This  was  feen  in  our  firft  example,  where, 
from  the  decompofition  of  cinnabar,  we  obtained 
fulphur  and  mercury,  which  bodies,  being  after- 
wards recombined,  formed  cinnabar. 

VII.  Such  cafes,  however,  occur  but  rarely 
in  chemical  operations;  for,  during  the  decompofttiori 
of  a body,  its  conftituent  parts  are  apt  to  combine, 
either  with  the  folvent,  or  with  the  principles  dif- 
en gaged  at  the  fame  time,  and  thus  new  forms  are 
induced.  We  fhould  be  greatly  deceived,  therefore, 
if,  after  fuch  procefs,  we  were  to  confider  the  parts 
obtained  as  the  true  principles  of  the  body  decom- 
pofed ; nor  fhould  we,  by  recombining  thofe  parts, 
ever  be  able  to  form  again  the  original  body.  Froi?i 
wood,  for  inftance,  you  obtain,  by  analyfis,  a liquid 
acid,  an  empyreumatic  oil,  calcareous  earth,  pot-afti, 
and  a fmall  quantity  of  iron;  which.  When  united, 
never  conftitute  any  thing  limilar  to  wood,  though 
fuch  principles  are  confidered  as  the  component  parts 
of  wood. 
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§ VIII.  Hence,  analyfis,  on  account  of  the  two- 
fold iffue  of  all  chemical  operations,  is  properly 
divided  into  two  clafles.  The  firft  is  fimple  or  true 
analyfis;  the  other  fpurious  or  complex  analyfis.  The 
former  rarely  occurs,  and  then  only  when  a body 
is  reduced  to  its  principles  in  fuch  a manner  that 
they  are  unchanged,  and  precifely  the  fame  as 
contained  in  the  body ; and  are  capable,  when  com- 
bined, of  forming  a body  not  at  all  different  from 
the  former.  The  latter,  however,  happens  more  fre- 
quently, and  generally  furniflies  the  principles  of  a 
body  in  a date  of  combination. 

^ IX.  Although  the  produ6ts  of  complex  ana- 
lyfis  do  not  enable  us  immediately  to  judge  of 
the  ultimate  principles  of  bodies,  yet  this  method 
affords  almofi  the  only  means  toChemifts  by  which 
that  purpofe  may  be  accomplifhed ; and  the  rapid 
progrefs  which  Chemiflry  has  made,  efpecially  within 
thele  lad  twenty  years,  has  fo  greatly  improved  the 
knowledge  of  the  more  fimple  bodies,  that  we  arc 
frequently  enabled,  by  means  of  the  feveral  produBs 
of  numerous  double  decompofitions,  varioufly  di- 
reded.  to  define  the  true  principles  of  bodies,  and 
even  their  relative  proportions. 

§ X.  All  material  bodies  are  either  fimple,  con- 
fiding of  parts  alone  fimilar  to  each  other,  and  of 
the  lame  nature,  or  combined,  confiding  of  parts 
Jiffimilar,  and  of  a different  nature.  The  former, 
which  admit  of  no  chemical  analyfis,  are  termed  by 
Chernidsj  fird  principles  or  elements,  Thefe,  how- 
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fver,  ought  not  to  be  confounded  with  the  elements 
of  natural  philosophers;  for,  where  the  Chemift  leaves 
off,  there  the  natural  philofopher  only  begins : for 
inftance,  when  a body  cannot  further  be  refolved  into 
diflimilar  parts,  the  Chemift  then  terms  it  fimple,  and 
confiders  it  as  *an  element ; but,  the  natural  philofo- 
pher proceeds  to  divide  this  body,  which  the  Chemift 
confiders  as  fimple,  into  parts  fimilar  to  each  other, 
until  he  at  length  arrive  at  fuch  as  rejeft  all  further 
divifion;  and  thefe  atoms  he  terms  elements.  Thefc 
elements,  not  being  perceptible  to  the  fenfes,  can 
only  be  confidered  as  exifting  in  the  imagination  of 
the  philofopher;  but  the  contrary  holds  good  with 
refpe6t  to  the  elements  of  the  Chemift. 

f XI.  The  old  Chemifts,  becaufe  they  defpaired 
of  ever  acquiring  a knowledge  of  the  elements  by 
means  of  analyfis,  indulged  themfelves  in  mere  fpe- 
culations,  and  adopted  hypothetical  elements,  of 
which  they  infilled  all  the  bodies  of  nature  were  com- 
pofed.  Thus  Ariflotle,  and  the  peripatetic  philofo- 
phers  of  his  fchool,  believed,  that  all  bodies  con- 
fifted  of  different  modifications  of  fire,  air,  earth,  and 
water.  Paracelfus,  and  the  Alchymifts  of  his  time, 
adopted  mercury,  fulphur,  fait,  and  earth.  Becher 
confidered  water,  and  three  different  fpecies  of  earth, 
as  the  elements  of  all  bodies,  viz.  vitrifiable  earth, 
inflammable  earth,  which  was  likevvife  called  phlogifton, 
and  mercurial,  or  metallic  earth.  Although  I fhall  be 
filent  as  to  the  opinions  of  other  philofophers,  yet  I 
fhall  mention  Meyer,  who,  in  our  own  recolle6lion, 
propofed  four  elements,  waterj  earth,  the  matter  of 
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light,  and  his  acidum  pingue.  All  thefe  hypothetic 
fyftems  have  met  the  fame  fate;  at  firft  they  were 
eagerly  adopted,  nay,  applauded;  afterwards  attacked, 
then  defended,  and  at  laft  forgotten. 

§ XII.  How  much  more  prudent  are  the  moderns, 
who,  having  ufed  every  effort  to  expel  all  hypothefis, 
and  reafoning  folely  upon  direfi  fa^Is.  throw  afide 
that  dofirine  of  the  elements  which  is  grafted  upon 
fuppofitions  and  errors,  and  think  it  fufficient  to  con- 
fider  all  thofe  bodies,  of  which  the  compofiiion  has 
not  been  afcertained  by  conclufive  experiment,  as  in 
reality  fimple.  Bodies  of  this  kind  are  known  by 
the  qualified  term  bafes,  or  radicals;  by  which  title 
they  neither  deny  the  poffibility  of  yet  being  decom- 
pounded, nor  confirm  the  contrary.  At  prefent,  the 
number  of  thefe  bafes  is  confiderable;  but,  from  the 
indufiry  of  the  Chemifts,  we  may  reafonably  expefl 
that  it  will  be  gradually  dirninifhed,  and  that  means 
will  be  difcovered  by  which  fome  of  thefe  bafes  may 
be  reduced  to  their  elementary  principles.  Till  that 
has  been  effefled,  there  can  be  no  hefitation  in  rank- 
ing them  among  fimple,  or  elementary  bodies.  Often- 
times, indeed,  an  enlightened  Chernifl  forms  con- 
jeflures  refpe6i:ing  the  probability  of  decompound- 
ing thefe  bafes,  and  augurs  fcientifically,  as  to  the 
nature  of  their  elements,  or  principles,  but  does  not 
enter  thefe  hypothetic  ideas  into  the  annals  of  his 
fcience,  till  they  are  confirmed  by  experiment. 
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I.  OF  CHEMICAL  SOLUTION. 

5 XIII.  In  all  bodies  of  nature  there  exifts  a 
certain  innate  power  which  urges  them  to  approach 
each  other.  This  is  called  the  power  of  attraftion, 
for  which  philofophers  have,  to  this  day,  vainly  en- 
deavoured to  account.  ' Natural  philofophy  only 
teaches  us  the  laws  agreeably  to  which  this  power 
acts  with  more  or  lefs  energy,  according  to  the  ratio 
of  the  maffes,  and  the  diftances  of  the  bodies  from 
each  other;  and  only  fliews  us  how  we  may  arrive  at 
a knowledge  of  thofe  remarkable  phenomena,  pro- 
duced by  the  attraftion  of  greater  malTes  of  matter, 
commonly  termed  gravity,  levity,  weight,  defcent, 
afcent,  &c.  of  bodies. 

5 XIV.  Now  the  fame  power  of  attraHion  which 
manifelts  itfelf  between  the  entire  maffes  exifts,  like- 
wife,  between  the  minuted  particles  of  each  individual 
mafs  ; and  the  exiftence  of  maffes  is  fimply  owing  to 
that  power.  This  attradiion  by  which  the  elemen- 
tary particles  of  a body  mutually  afl  upon  each  other, 
and  to  which  the  body  owes  its  greater  or  lefs  cohe- 
rence, is  called  the  force  of  aggregation  or  cobefion. 
Although  the  laws,  whereby  this  power  aHs  upon  fuch 
particles,  feem  to  vary  according  to  the  nature  of  bo- 
dies, and  are  not  yet  pointed  out  and  defined  as  accu- 
rately as  thofe  refpefting  the  attraHion  of  maffes  at 
great  diftances,  yet  it  has  been  proved  that  they  arife 
from  the  fame  caufe,  and  that  it  is  the  fame  power 
which  confines  the  heavenly  bodies  within  their  örbiiSj, 
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and  which  caufes  the  fmallefl  particle  of  marble  to 
appear  in  the  form  of  a mafs. 

§ XV.  Let  us  fuppofe  a certain  mafs  of  marble  to 
be  a fimple  body,  and  to  confift  of  an  infinite  num- 
ber of  minute  particles,  alike  in  form,  fize,  and 
chemical  properties,  in  a word,  alike  particles  of 
marble,  thefe,  which  we  term  elementary  particles 
or  molecules,  adhere  to  fuch  a degree,  on  account 
of  the  reciprocal  attraftion  which  exifts  between 
them,  that  they  cannot  be  feparated  from  each  other 
but  by  a great  mechanical  force,  and  this  conftitutes 
v/hat  is  termed  cohefion. 

§ XVI.  But  this  power  varies  confiderably  ac- 
cording to  the  nature  of  bodies;  in  fome  it  a8s  more, 
in  others  lefs  forcibly.  Thus  we  know  that  it  is  much 
more  difficult  to  reduce  a piece  of  iron  into  frag- 
ments than  a piece  of  chalk,  and  the  cohefion  of  the 
iron  is  therefore  greater  than  that  cf  the  chalk.  In 
thefe  inftances,  it  is  not,  however,  in  our  power  to 
point  out  the  laws  of  cohefion,  and  the  fcale  of  its 
increafe  or  diminution,  with  the  fame  accuracy  as  be- 
tween bodies  at  great  diflances,  where  cohefion  is 
known  to  be  in  a direft  ratio  of  the  maffes,  and  in  an 
inverfe  duplicate  ratio  of  the  diflances.  Thefe  cir- 
cumflances  are  perfeflly  unknown  to  us  with  regard  to 
the  elementary  particles  or  molecules,  and  we  have  but 
a few  data  which  can  lead  us  to  a knowledge  of  it. 
Let  it  fuffice,  therefore,  to  fay,  that  the  power  of  CQ« 
hefion  differs  in  every  material  body,  ^ 
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j XVII.  But  in  the  fame  manner  as  the  ho- 
mogeneous particles  of  a Ample  body  tend,  by  the 
reciprocal  action  of  cpheAon,  towards  each  other, 
fo  the  particles  of  different  bodies  are  alfo  mutually 
attra8;ed.  Therefore,  whenever  two  heterogeneous 
bodies  come  into  conta8:  with  each  other,  fo  that  the 
power  of  reciprocal  attraction  between  the  molecules 
of  each  may  be  exerted,  and  when  this  attraction  is 
even  ftronger  than  the  power  of  cohefion  of  each 
Angle  body  collectively,  then  the  homogeneous  par- 
ticles will  feparate,  and  combine  with  all  thofe  he-« 
terogeneous  particles  with  which  they  come  into 
contact,  forming  a new  compound  body,  A pheno- 
menon of  this  nature  is  termed  by  chemifts,  folution; 
and  the  power  of  attraction,  which  exifts  between  the 
conflituent  particles  of  two  diA'crent  bodies,  is  termed 
chemical  afhnity,  or  attraction  of  compofition. 

§ XVIII.  Affinity,  therefore,  differs  from  co- 
V he  Aon  only  in  this ; that  the  aCtion  of  the  latter  is 
exerted  upon  the  homogeneous  particles  of  a Ample 
body  only,  whereas  the  former  exercifes  its  power 
upon  the  heterogeneous  particles  of  two  different 
bodies. 

5 XIX.  For  inftance,  take  a piece  of  pure 
lime  and  immerfe  it  in  nitric  acid,  foon  after  thefe 
two  bodies  begin  to  aCt  upon  each  other,  a certain 
quantity  of  heat  is  developed;  the  lime  gradually 
difappears,  and  the  liquid  recovers  its  former  tranf- 
parency.  What  is  the  caufe  of  this  phenomenon  ? 
The  lime  is  a folid  body,  whofe  elementary  particles 
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are  attached  to  each  other  by  the  power  of  cohefion, 
and  the  particles  of  the  nitric  acid,  which  is  a liquid 
body,  are  alfo  attached  to  each  other  by  cohefion; 
but  there  is  moreover  an  affinity  between  the  nitric 
acid  and  the  lime,  that  is  to  fay,  the  particles  of  the 
nitric  acid  have  an  attraftive  power  upon  the  parti- 
cles of  the  lime.  Now,  if  the  power  of  cohefion  of 
the  nitric  acid  and  of  the  lime  were  greater  than 
their  affinity  for  each  other,  each  of  thefe  bodies  would 
remain  in  the  fame  ftate,  and  no  combination  would 
take  place.  But,  as  in  the  cafe  before  us,  the  che- 
mical affinity  far  exceeds  in  power  the  cohefion,  the 
molecules  of  thefe  two  bodies  are  feparated,  and 
mutually  recombine,  forming  a new  and  uniform 
body;  and  the  particles  of  the  lime,  which  were  be- 
fore connefted  by  cohefion,  are  now  united  to  the 
particles  of  the  nitric  acid  by  affinity. 

5 XX.  Chemical  folution  is  very  different  from 
mechanical  mixture.  In  the  latter,  the  aggregate 
particles  can  again  be  feparated  by  mechanical 
means,  and  the  proportion  of  the  different  particles 
determined.  But,  in  folution,  no  mechanical  power 
whatfoever  can  feparate  them;  befides,  the  particles 
are  fo  very  fmall  as  not  to  be  perceived  even  by  the 
befl  microfcope ; and  yet,  on  the  minutefl  divifion, 
every  particle  will  be  of  the  fame  nature  with  the 
body  itfelf. 

5 XXL  Cohefion  is  always  much  greater  in 
folids  than  in  fluids ; and  hitherto  we  have  not  had 
one  inftance  of  an  affinity  being  fo  great  between  two 
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folid  bodies  as  to  overcome  their  cohefion.  In 
order,  therefore,  that  two  folid  bodies  may  be  chemi- 
cally combined,  it  is  neceffary  that  in  one  of  them,  at 
leatt,  cohefion  fhould  be  greatly  diminiflied,  which 
is  effefted  by  rendering  it  fluid ; for  thus  the  mole- 
cules are  farther  removed  from  each  other ; and,  con- 
fequently,  their  reciprocal  attrafUon  being  weakened, 
the  affinity  becomes  predominant,  and  a combination 
takes  place.  Hence  you  obferve  no  change  takes 
place  when  fulphur  is  brought  into  contaH  with 
filver,  although  there  exifts  a great  affinity  between 
them ; but  if  the  fulphur  be  fufed,  it  will  immediately 
arreft  the  filver.  Therefore,  in  general,  if  two  bodies 
are  to  be  chemically  combined,  it  is  always  necefl'ary 
that  one  of  them,  at  leaft,  ffiould  be  fluid;  and  this 
circumflance  has  given  rife  to  the  old  maxim,  corpora 
non  a^unt  nifi  ßuida» 

^ XXII.  We  are  only  acquainted  with  two 
means  by  which  a folid  body  may  be  rendered  fluid, 
without  changing  any  of  its  chemical  properties,  viz* 
fire  and  water.  Hence  folutions  are  divided  into 
two  kind's;  for  bodies  combine  when  rendered  fluid, 
either  by  water,  which  combination  is  called  folution 
in  the  moift  way,  or  by  fire,  which  is  termed  folution 
in  the  dry  way.  For  inftance,  in  our  experiment, 
(§  XIX.)  the  nitric  acid  becomes  liquid  by  folu- 
tion in  water,  and  confequently  the  folution  is  in  the 
moift  way;  but  the  combination  of  fulphur  and  mer- 
cury, (}  V.)  is  a folution  in  the  dry  way. 

§ XXIII.  Moreover,  as  folution  can  only  take 
place  when  the  furfaces  of  the  particles  of  the  bodies 
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corne  into  direQ  contaft,  that  operation  will  be  by  fo 
much  the  more  readily  performed,  as  the  furfaces  of 
the  bodies  in  contact,  are  greater  and  more  nume- 
rous. ' Therefore,  in  the  folution  of  a folid  body  in 
the  moift  way,  we  ufually  firft  divide  it  into  fnall 
pieces  by  mechanical  means;  and  inthe  folution  of 
fuch  bodies  in  the  dry  way,  they  are  not  only  mecha- 
nically divided,  but  mixed  as  much  as  pofTible,  pre- 
vious to  their  treatment  by  fire;  becaufe,  in  both  cafes, 
the  furfaces  of  the  bodies  are  confiderably  increafed, 
and,  confequently,  their  folution  is  proportionably 
facilitated. 

§ XXIV.  Although  many  bodies  that  have  an 
affinity  for  each  other  may  be  combined  in  any  pro- 
portion we  pleafe,  yet  there  are  others,  and  by  far  the 
greater  number,  in  which  folution  extends  only  to  a 
certain  point;  that  is,  any  body  A can  only  diffolve 
a certain  quantity  of  another  body  ß,  beyond  which 
it  does  not  a8;,  but  feems  to  have  loll  its  former  affi- 
nity. This  degree  of  folution  is  termed  the  point  of 
faturation,  and  it  is  then  laid  that  the  body  A is  fatu- 
rated  with  the  body  B.  Thus  we  find  in  our  expe- 
riments XIX.)  that  the  nitric  acid  has  diffolved  a 
certain  quantity  of  lime;  but  ffiould  another  portion 
of  this  body  be  added,  it  would  remain  undiffolved, 
the  acid  having  no  effefl  upon  it,  being  already  fa- 
turated  with  lime. 

§ XXV.  The  point  of  faturation,  in  homogeneous 
bodies,  under  fimilar  circumflances,  is  always  the 
fame,  but  very  different  in  heterogeneous  bodies. 
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Thus,  for  inftance,  if  in  the  former  experiment  we 
had  taken  particular  notice  of  the  weight  both  of 
the  nitric  acid  and  of  the  lime,  we  fhould  have 
found  that  loo  grains  of  that  acid  diffolve  exa81y 
96  grains  of  the  lime;  and  that  proportion  would 
always  be  obferved,  whenever  lime  is  diffolved  in 
the  nitric  acid.  In  the  combination  of  nitric  acid 
with  a different  body,  however,  a certain  point  of 
faturation  is  indeed  obferved,  but  according  to  dif- 
ferent laws;  for  example,  it  diffolves  a much  greater 
quantity  of  pure  pot-afh  than  of  lime;  thus  100 
grains  of  nitric  acid  diffolve  215  grains  of  pot-afh, 
which,  therefore,  is  more  than  double  the  quantity  of 
tjie  lime. 

J XXVI.  The  temperatures,  or  different  degrees 
of  heat,  in  which  folutions  are  made,  have  alfo  a very 
great  influence  upon  the  point  of  faturation;  and  bo- 
dies frequently  diffolve  much  more  in  hot  than  in 
cold  temperatures;  thus  hot  water  diffolves  a greater 
quantity  of  fugar  than  cold.  Therefore,  whenever 
we  fpeak  of  the  point  of  faturation  of  two  bodies,  it  is 
neceffary  to  mention  the  temperature  at  which  the 
folution  is  made. 

} XXVII.  Although,  during  the  combination  of 
two  bodies,  their  power  be  reciprocal,  and  their  at- 
traöion  towards  each  other  equal,  yet  chemifts  ufu- 
ally  term  one  of  the  bodies  the  folvent,  and  the  other 
the  body  diffolved.  The  former  is  alfo  called  the  men- 
flruum,  becaufe  the  alchymifts  ufed  to  make  their 
folutions  in  the  fpace  of  a month,  But  to  determine 
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which  is  the  folvent,  or  which  the  body  diffolved^  is 
a matter  altogether  arbitrary;  yet  the  following  defi- 
nition appears  moll  conformable  to  our  received 
notions  : The  folvent  is  that  of  two  bodies,  whofe 
external  form  approaches  neareft  to  the  form  of  the 
body  which  is  produced  by  their  combination.  Thus, 
in  the  folution  of  lime  in  the  nitric  acid,  this  acid  is 
the  folvent,  becaufe  the  folution  remains  liquid;  but, 
in  the  combination  of  fulphur  with  mercury,  the 
fulphur  is  the  folvent,  for  ^Ethiops  mineral,  fo  formed, 
is  a folid  body. 

§ XXVIII.  The  greater  efteem  this  trifling  dif- 
tinflion  was  held  in  among  the  Chemifts  of  former 
ages,  the  more  is  it  difregarded  by  the  moderns, 
from  which  we  may  eafily  judge  of  its  merits.  For 
ought  we,  whofe  foie  object  it  is  to  follow  nature,  to 
make  diftinöions  where  fhe  points  out  none  ? If, 
during  the  combination  of  two  bodies,  therefore, 
we  do  not  obferve  that  one  of  them  poflefles  a greater 
power  of  attradion  than  the  other,  it  is  fuperfluous, 
on  that  account,  to  alfign  a difl'erent  order  to  thefe 
bodies,  efpecially  as  the  opinion  which  formerly 
gave  rife  to  this  diftinflion,  is  at  prefent  entirely  laid 
afide.  The  Alchymifls  believed  that  their  menftruum 
confifted  of  a great  number  of  finall  particles,  formed 
like  wedges,  points,  fpears,  &:c.  which,  during  folu- 
tion, penetrated  into  the  pores  of  the  body,  and  thus 
caufed  it  to  be  divided;  a doctrine,  which,  in  the 
prefent  (late  of  our  knowledge,  merits  no  farther 
refutation. 
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^ XXIX.  On  comparing  a new  body,  produced 
by  folution,  with  the  bodies  from  which  it  has 
been  compofed,  we  fliall  find,  that  it  frequently  pof- 
felfes  fome  properties  in  commoniwith  thofe  bodies. 
On  the  other  hand,  we  find  no  lefs  frequently  i.hat  it 
entirely  differs.  Stahl,  therefore,  and  his  contempo- 
raries, were  much  miftaken,  when  they  fuppofed  that 
the  properties  of  a compound  body,  held  a medium 
between  the  properties  of  thofe  from  which  it  had 
been  formed;  for  although  we  fee  that  the  combina- 
tion of  two  metals  produces  one,  which  poffefles 
certain  properties  of  the  fame  nature,  yet,  on  the 
contrary,  we  know,  that  from  aqua  fortis  and  lapis 
caufticus  we  compofe  a fait  porfedly  mild  and  harm- 
,lefs  5 and  that  from  the  acid  of  common  fait  and  mer- 
cury, bodies  in  themfelves  innocent,  we  form  mer- 
curial fublimate,  a dreadful  poifon;  that  from  liquids 
a folid,  and  from  folids  a liquid;  from  colourlefs,  a 
coloured  body;  from  coloured  bodies,  colourlefs 
ones;  from  inodorous,  odorous  Ones,  and  vice  verfd 
may  be  formed.  In  a word,  the  properties  of  a 
compound  body,  by  analogy,  teach  us  nothing  cer- 
tain refpefting  the  properties  of  its  conftituent  parts : 
and  two  bodies,  which  combine,  on  account  of  their 
chemical  affinity,  form  a new  body,  the  properties 
of  which  have  no  fimilarity  with  the  properties  of 
the  bodies  combined,  but  are  oftentimes  entirely  dif- 
ferent. 

§ XXX.  When  two  bodies  only  enter  into  che- 
mical union,  the  affinity,  which  was  the  caufe  of 
it;  is  termed  fimplcj  or  fingle  eleftive  attradion.  But 


if  three  or  more  bodies,  on  account  of  their  mutual 
affinity,  unite,  and  form  one  homogeneous  body, 
then  the  affinity  is  termed  compound,  or  double  ele6livc 
attraftion.  Thus  the  folution  of  fugar  in  water  is 
produced  by  fimple  affinity,  becaufe  thefe  are  but 
two  bodies;  but  if  you  add  fpirits  of  wine,  thefe 
three  bodies  will  form  a homogeneous  liquid  by  com- 
pound affinity.  Simple  affinity,  in  the  ftrifleft  fenfe, 
occurs  but  rarely;  for  bodies  are  generally  compofed 
of  more  than  two  parts. 

§ XXXI.  During  folution,  the  elementary  parti- 
cles of  bodies  only  mutually  afl  upon  each  other, 
and  every  individual  particle  a8;s  with  the  fame  force. 
Hence  it  is  evident,  that,  after  combination  has  taken 
place,  the  conllituent  parts  of  the  new  compound  are 
fo  equally  diftributed  throughout  the  whole  body, 
that,  if  the  fmalleft  particle  were  feparated  by  mecha- 
nical means,  we  ffiould  find  that  the  proportion  of 
its  component  parts  is  precifely  the  fame  as  that  of 
the  whole  mafs.  Thus,  when  we  know  that  in  the 
faturated  folution,  XIX)  loo  grains  of  nitric  acid 
diflblve  96  grains  of  lime,  we  conclude,  that  in  any 
part,  even  in  the  minuted  drop  of  this  compound 
liquid,  the  proportion  of  the  nitric  acid  to  the  lime 
is  as  100  to  96. 

§ XXXII.  The  knowledge  of  this  law  of  folu- 
tions  is,  indeed,  of  the  higheft  importance,  becaufe 
thofe  experiments  are  chiefly  founded  upon  it  which 
we  inftitute  for  the  purpofe  of  inveftigating  the  nature 
of  bodies.  For,  if,  on  examining  the  fmalleft  quantity 
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of  any  fnafs,  we  determine  the  proportion  of  its  cöm-^ 
ponent  parts,  we  have  every  right  to  conclude,  from 
a knowledge  of  that  law,  that  the  proportion  of  thofe 
parts  is  the  fame  throughout  the  whole  mafs.  The 
confidence  which  we  put  in  the  value  of  coin  refts 
entirely  upon  it,  as  we  are  alfured,  that,  when  two 
metals  are  chemically  combined,  in  certain  propor- 
tions, the  fame  proportion  is  obferved  in  the  minuteft 
parts  which  can  be  feparated  from  the  mafs,  and,  con- 
fequently,  that  in  the  fmalleft  coin  there  is  the  fame 
proportion  of  gold,  orfilver,  as  in  the  mafs  of  which 
it  forms  a part. 

II.  OF  CHEMICAL  AFFINITIES. 

{ XXXIII.  Although  the  obfervati.ons  hitherto 
made  are  highly  valuable,  as  they  lead  us,  in  a great 
meafure,  to  a true  knowledge  of  the  chemical  com- 
pofition  of  bodies,  yet  there  remains  another  moft 
important  confideration,  which  is  the  bafis  of  our 
fcience,  and  without  which  it  could  notexift;  that  is, 
though  there  may  be  a chemical  affinity  between 
almost  all  bodies,  yet  the  tendency  which  they 
have  to  enter  into  combinations  is  in  fome  bodies 
ftronger,  in  others  weaker;  and,  confequendy,  there 
are  various  degrees  of  affinity.  For  infiance,  A has 
an  affinity  for  B,  and  has,  likewife,  an  affinity  for  C ; 
but  the  power  by  which  A attrabls  B may  be  either 
greater  or  lefs  than  that  with  which  it  attrafts  C,  and 
for  this  reafon  A is  faid  to  have  a greater  or  lefs  affi- 
nity for  B than  for  C. 
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^ XXXIV.  P'rom  the  various  degrees  of  afBnity 
of  bodies  it  naturally  follows,  that,  if  to  two  bodies, 
already  chemically  united,  a third  be  added,  whofe 
affinity  for  one  of  them  is  greater  than  that  of  the 
two  bodies  for  each  other,  then  their  union  is  dif- 
folved,  and  the  body  recently  added,  by  expelling 
one  of  the  components,  produces  a new  body  with 
the  other.  If  pure  pot-affi,  for  inftance,  be  added 
to  a combination  of  the  nitric  acid  and  lime,  the 
union  which  exilled  between  thefe  two  bodies  will 
ceafc,  becaufe  the  pot-affi  combines  with  the  nitric 
acid,  and  the  lime,  being  difengaged,  is  precipitated. 
The  reafon  is,  that  the  nitric  acid  has  a greater  affi- 
nity for  the  pot-affi  than  for  the  lime,  therefore  it 
deferts  the  lime  to  combine  with  the  pot-affi. 

^ XXXV.  In  this  laft  experiment,  the  body  which 
has  been  expelled,  by  the  intervention  of  a third,  is 
precipitated,  that  is,  it  falls  to  the  bottom  of  the 
veffel  containing  the  folution.  This,  however,  is  not 
always  the  cafe,  for  it  frequently  happens  that  the 
body  expelled  is  diffipated  in  the  form  of  an  aerial 
fluid;  thus,  on  combining  carbonate  of  pot-affi,  which 
confiits  of  pure  pot-afh  and  carbonic  acid,  with  the 
nitric  acid,  the  carbonic  acid  paffies  into  the  air  in 
the  hate  of  gaz,  becaufe  the  nitric  acid  has  a greater 
affinity  for  the  pure  pot-affi  than  for  the  carbonic 
acid.  The  rapid  formation  of  bubbles,  on  this  occa- 
fion,  caufed  by  the  fudden  difengagernent  of  the  car- 
bonic acid,  is  termed  effervefcence;  and  thus  the  car- 
bonate of  pot-affi  is  faid  to  dfervefee  with  acids. 
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§ XXXVI.  This  mode  of  proceeding,  to  dif- 
folve  the  uijion  of  two  bodies  by  the  addition  of  a 
third,  which  has  a greater  affinity  with  one  of  them, 
is  that  which  is  generally  employed  by  Chemifts  in 
their  analyfes:  from  which  we  may  infer,  how  ex- 
tremely important  it  is,  to  thofe  who  wifli  to  obtain  a 
knowledge  of  the  fcience,  to  be  acquainted  with  the 
different  degrees  of  affinity  of  all  bodies.  In  a word, 
one  may  fafely  affert,  that  the  whole  of  the  fcience 
confifts  in  a knowledge  of  thefe  fa6ts. 

§ XXXVII.  Stahl  firft  more  attentively  confi- 
dered  this  property  of  bodies,  and  furniffied  us  with 
the  happy  idea  of  degrees  of  affinity,  which  others 
have  fucceffively  extended.  Geoff roy,  in  1718, 

made  the  firll  attempt  to  colled  all  the  fads, 
known  on  that  head,  and  to  arrange  them,  for  the 
fake  of  greater  conveniency,  in  a table,  which  he 
denominated  a table  of  affinities.  In  this  table,  all 
known  bodies,  reprefented  by  peculiar  figns,  are 
ranked  in  that  order  in  which,  on  account  of  their 
greater  or  lefs  affinity,  they  tend  to  combine ; fo  that, 
whenever  we  wiffi  to  decompofe  a compound  fub- 
ftance,  we  may  readily  know,  by  means  of  this  table, 
what  bodies  have  a greater  affinity  with  one  of  its 
component  parts  than  the  elementary  parts  of  that 
fubftance  have  with  each  other,  and  confequently 
which  may  decompound  it. 

§ XXXVIII.  Chemilts  have  afterwards  enlarged 
and  correded  this  table  by  innumerable  experiments, 
and;  among  others,  two  celebrated  men,  Qelkrt  of 
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Frey  berg,  and  Bergmann,  deferve  particular  notice. 
The  former  not  only  enlarged  this  table  by  a great 
many  operofe  experiments,  but  likevvife  added  a new 
column  for  thofe  bodies  which  were  proved  to  have 
no  affinity  with  each  other.  The  latter  endeavoured 
to  advance  the  chemical  table,  already  greatly  im- 
proved, to  a ftate  of  perfection,  by  the  various  dif- 
coverics  of  the  moderns.  He  alfo  dillinguiffied  the 
affinities  of  thofe  bodies  which  are  foluble  in  the 
moift  way,  from  thofe  which  are  foluble  in-  the  dry 
way,  and,  for  this  reafon,  his  table  comprehends  two 
divihons.  It  contains  fifty  compartments,  in  which 
the  bodies  are  ranged  after  Geoffroy’s  method;  that 
is,  bodies  which  have  the  greatefl  affinity  with  the 
body  at  the  head  occupy  the  next  compartment, 
'Ihis  mode  is  reverfed  in  Gellert’s  table. 

5 XXXIX.  If  a body,  confiding  of  two  compo- 
nent parts,  be  decompounded  on  the  approach  of  a 
third,  which  has  a greater  affinity  with  one  of  thofe 
component  parts  than  wdth  the  other,  then  the  de- 
compofition  is  termed,  decompojition  by  fimple  affinity» 
This  w’as  the  cafe  in  the  examples  (J  XXXIV.  and 
^ XXXV.)  wffierc  the  lime  was  feparated  from  the 
nitric  acid  by  pot-affi,  and  the  carbonic  acid  from  the 
pot*affi  by  the  nitric  acid;  for, in  both  thefe  cafes,  the 
decompofition  w^as  foldy  effeCled  by  the  affinity  of  the 
approaching  body  with  one  of  the  component  parts. 

J XL.  But,  if  tw'o  bodies,  each  confiding  of  two 
elementary  parts,  come  into  contaH,  and  be  decom- 
pofed,  fo  that  their  elements  become  reciprocally 
unitedj  and  produce  two  new  compound  bodies,  the 
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decompofition  is  then  termed  dccompoßtion  hy  double 
ajinity.  For  inftance;  if  we  add  common  fait,  v^hich 
confiits  of  the  muriatic  acid  and  foda,  to  nitrate  of  fil- 
ver,  which  is  compofed  of  nitric  acid  and  filver,  thefe 
two  bodies  will  be  decompounded,  for  the  nitric  acid 
unites  with  the  foda,  and  the  filver  with  the  muriatic 
acid,  and  thus  we  obtain  two  new  bodies.  The  coqi- 
mon  fait  and  nitrate  of  hlver,  therefore,  mutually  de- 
compofe  each  other  by  double  affinity. 

{ XLL  The  caufe  of  this  phenomenon  is  the 
fame  as  that  of  decompofition  by  fimple  affinity, 
except  that,  in‘  this  cafe,  the  affinities  of  all  the  four 
component  parts  are  to  be  confidered.  Thole  two 
bodies  are  decompounded,  becaufe  the  fum  of  the 
affinities  of  the  parts  of  one  body,  with  thofe  of  the 
other,  is  greater  than  the  fum  of  the  affinities  which 
the  parts  of  each  refpeflive  body  have  with  each 
other.  The  former  are  denominated  divellent,  and 
the  latter  quielcent  affinities.  If,  therefore,  the  fum 
of  the  divellent  affinities  of  the  bodies  be  greater 
than  the  fum  of  the  quiefeent  affinities,  a decompoh- 
tion  is  effected;  on  the  contrary,  if  the  quiefeent 
affinities  be  greater  than  the  divellent,  the  bodies  re- 
main in  the  fame  Hate. 

5 XLII.  As  all  poffible  cafes  may  be  referred  to 
thefe  two  kinds  of  decompofition  by  affinity,  it  is 
unneceffary  to  treat  of  thofe  numerous  claffifications 
of  affinities  which  fome  chemills  have  propofed,  and 
which  can  anfwer  no  other  purpofe  than  to  charge 
the  memory  with  an  ufelefs  nomenclature.  Of  this 

c 3 


22 


kind  are  the  terms  appropriate  ojinity^  preparative 
affinity^  &c.  both  of  which  may  be  eafily  explained, 
fince  every  compound  body  pofTefles  a diftinft  fcale 
of  affinity,  and  which  is  oftentimes  very  different 
from  that  of  the  affinities  of  its  component  parts. 

§ XLIII.  Although  tables  of  affinities  furniffi  us 
with  a fcale  of  the  degrees  of  affinity  between  diffe- 
rent bodies,  yet  we  were  not  able  to  exprefs  the  pro- 
portion of  ihofe  degrees  by  numbers,  till  the  cele- 
brated Kirwan  took  the  fubjeft  in  hand,  and  treated 
it  with  that  ingenuity  and  method  fo  peculiar  to  him- 
felf.  Whilft  he  was  engaged  in  various  experiments, 
to  determine  the  different  points  of  faturation  in  diffe- 
rent bodies,  he  made  a molt  valuable  difcovery,  viz. 
that  the  points  of  faturation  are  precifely  as  the  de- 
grees of  affinity.  Thus,  if  a certain  quantity  of  A 
can  dilfolve  two  parts  of  B,  and  four  parts  of  C, 
the  affinity  which  A has  with  B and  with  C will  be 
exaftly  as  the  quantities  which  A can  diffolve  of  B 
and  of  C,  namely,  as  2 to  4.  For  inftance,  100 
grains  of  nitric  acid  require  for  complete  faturation 
96  graiiTs  of  lime,  but  ico  grains  of  the  fame  acid 
diffolve  215  grains  of  pot-alh ; therefore,  according 
to  Kirwan,  the  affinity  of  the  nitric  acid  with  the 
lime  is  to  the  affinity  of  the  nitric  acid  with  the  pot- 
affi  as  96  : 215. 

^ XLIV.  Since  the  quantities  which  any  body 
can  dilfolve  of  tw^o  other  different  bodies,  with  which 
it  has  an  affinity,  are  in  an  inverfe  ratio  of  the  quan- 
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titles  which  thofe  two  bodies  can  take  up  of  the  firft, 
this  law  of  Kirwan  may  be  explained  in  two  ways: 

1.  The  quantities  of  two  bodies,  which  can  be 
diffolved  by  a given  quantity  of  a third,  are  to  each 
other  as  the  affinities  of  thofe  two  bodies  to  the  third. 

2.  The  quantities  of  a body,  which  can  bediffiolved 
in  equal  quantities  of  two  other  different  bodies,  are 
to  each  other  in  an  inverfe  ratio  of  the  affinities  of 
the  firft  body  with  the  two  laft. 

Moreover,  the  truth  of  this  pofition  is  not  only 
proved  by  experiments,  but  may  be  alfo  deduced 
from  the  former  pofition,  and  demonftrated  mathe- 
matically. 

^ XLV.  As  the  affinity  of  bodies  is  always  deter- 
mined by  acids,  in  the  moift  way,  Kirwan,  therefore, 
to  exprefs  himfclf  more  generally,  indicates  the  de- 
gree of  affinity  of  a body  with  an  acid,  by  the  quan- 
tity of  that  body  which  is  diffolved  in  lOO  parts  of 
any  given  acid.  Thus,  according  to  him,  the  affinity 
of  lime  with  nitric  acid  is  96,  the  affinity  of  pot-afli 
with  that  acid  215,  the  affinity  of  lime  with  the  ful- 
phuric  acid  110,  and  fo  on.  In  this  manner  he  de- 
termined, by  numerous  and  elaborate  experiments, 
in  refpeO:  to  acids,  by  the  moill  way,  the  points' of 
faturation  of  different  bodies,  and  expreffed  their 
affinities  by  numbers. 

f XLVl.  From  this  proportionate  determination 
of  the  degrees  of  affinity,  we  frequently  know,  with- 
out having  recourfe  to  progreffive  experiments,  whe- 
ther or  not  certain  bodies  *be  capable  of  decompofing 
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this  or  that  compound  fubftance.  For  example,  take 
a body  compofed  oF  the  nitric  acid  and  lime ; we 
know  that  the  affinity  between  thofe  two  bodies  is 
as  96;  but  we  alfo  know,  that  the  affinity  between 
nitric  acid  and  pot  affi  is  as  215.  Therefore,  we  may 
infer,  that  pot-affi  will  decompofe  this  compound 
fubftance. 

5 XLVII.  For  the  fake  of  greater  perfpicuity, 
fuch  decompofition  may  be  expreffed,  according  to 
Bergmann,  in  the  following  manner : 

nitre 


nitrate  r nitric  acid  215  potaffi 
of  J 96 
lime  Ulime 

215  + 96. 

5 XLVIII.  And  thus,  alfo,  the  decompofition  of 
fal  ammoniac,  by  means  of  lime : 

"ammoniac 

<79 

muriatic  acid  89  lime 


muriate  of  lime 
89+79. 

§ XLIX.  But  if  the  divellent  affinity  be  lefs  than 
the  qiiiefcent,  no  decompofition  is  effected,  as,  for 
inftanccj  when  copper  is  added  to  fulphate  of  iron : 


fal 

ammoniac 


25 


fulphate  r fulphuric  acid  260  copper 
of  ^ 270 
iron  ^iron 

260+270 

§ L.  The  utility  of  marking  affinities  by  numbers 
is  ftill  farther  elucidated  in  decompofition  by  double 
affinity ; for  we  can  now  clearly  define  and  compare 
the  films  of  the  divellent  and  quiefcent  affinities,  as 
in  the  reciprocal  decompofition  of  nitrate  of  filver, 
and  muriate  of  foda : 


muriate 

of 

foda 


J LI.  Although  the  utility  of  this  method  be  ob- 
vious, yet  it  is  much  lefs  prevalent  than  might  be 
wiffied,  becaufe  the  degrees  of  affinity  of  many  fub- 
ftances,  analyzed  in  the  moift  way,  are  not  yet  deter- 
mined with  fufficient  accuracy,  and  little  has  been 
done  upon  this  principle  in  the  dry  way. 


nitrate  of  foda 
^ 


165 


foda 
5^ 

muriatic  acid  420  filver 


nitric  acid 

375 


nitrate 
of 
filver 


^ 

muriate  of  filver 


585+533- 
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III.  OF  CALOx^IC,  OR  THE  MATTER 
OF  HEAT. 

§ LIT  Philofopbers  formerly  differed  in  opinion 
refpeHing  the  caufes  of  thofe  phenomena,  known  by 
the  terms  heat,  cornbuftion,  cold;  and  there  were 
many  who  confidered  them  merely  as  the  effefl  of  the 
mechanical  changes  of  bodies.  At  prefent,  however, 
it  is  almofl  unanimonfly  agreed,  that  thefe  effefls  are 
produced  by  a peculiar  matter  which  has  received  the 
name  of  caloric,  and  which,  in  general,  enables  us 
to  explain  thofe  appearances  fully,  and  in  a fatisfac- 
tory  manner. 

JLIII.  Caloric  is  an  impenetrable  fluid,  highly 
claitic,  and  fo  very  fubtle  that  its  gravity  has  not  yet 
been  afeertained. 

J LIV.  It  is  diffufed  through  all  natural  bodies, 
with  which  it  is  more  or  lefs  combined,  according 
as  their  affinities  for  it  are  greater  or  lefs.  We  are 
not  acquainted  with  any  body  that  does  not  enter  into 
combination  with  it;  nor  any,  from  which  the  utmoft 
endeavours  could  entirely  feparate  it;  and  caloric, 
therefore,  is  not  to  be  had  in  a pure  date  in  nature ; 
nor  can  chemidry,  in  the  llridieft  fenfe,  exhibit  any  fub- 
ffance  perfeQly  fimple.  Hence,  Chemids,  when  men- 
tioning the  conliitiient  parts  of\  bodies,  pay  no  regard 
to 'the  prefence  of  caloric,  but  confider  it  as  under- 
flood  of  courfe. 
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§ LV.  All  bodies,  therefore,  are  chemically  com- 
bined with  a certain  portion  of  caloric  ; or,  to  exprefg  ' 
it  in  other  words,  the  molecules  of  every  fubftance 
are  intermixed  in  an  uniform  proportion  with  the 
particles  of  caloric,  and  kept  apart  by  them,  Hence 
the  elementary  particles  of  bodies  do  not,  in  faQ, 
touch  each  other ; and  this  is  manifeft  from  the  pro- 
perty which  all  bodies  poffefs,  of  being  contraded 
into  a leffer  volume  when  deprived  of  heat. 

^ LVI.  Caloric,  being  a fubftance  perfe6tly  elaftic, 
whofe  component  particles  would  expand  in  infini- 
tum if  not  impeded,  all  bodies  combined  with  them 
ought  likewife  to  expand  in  infinitum,  if  there  exifled 
no  power  which  afted  in  diredl  oppofition  to  its  elaf- 
ticity.  This  power  is  the  mutual  attraction  of  the 
particles,  or  cohdion.  All  material  bodies,  therefore, 
are  continually  aCled  upon  by  two  powers,  which 
tend  more  or  lefs  to  equipoife  each  other;  one  caufes 
the  particles  of  bodies  to  recede  from  each  other,  and 
by  the  other  they  tend  to  approximate. 


5 LVI  I.  The  proportion  of  each  of  thefe  powers 
determines  the  exterior  form  of  bodies.  If  cohdion 
predominate,  then  the  bodies  are  folid;  but,  if  this 
power  be  overcome,  then  the  particles  are  farther 
removed,  and  their  volume  is  proportionally  increafed. 
Finally,  if  caloric  predominate  to  fuch  a degree, 
that  the  particles  of  bodies  are  placed  out  of  the 
fphere  of  their  reciprocal  attraClion,  they  lofe  their 
aggregation,  and  appean  no  longer  in  the  form  of 
folids,  but  become  liquid  or  gazeous. 
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^ LVIIl.  But,  if  there  exifted  no  other  power  but 
the  two  already  mentioned,  bodies  would  not  remain 
liquid;  for,  on  increafing  the  heat,  they  would  im- 
mediately pafs  from  the  folid  to  the  aeriform  or  ga- 
zeous  ftate.  But  there  is  a third  power,  which,  by 
afting  at  the  fame  time,  preferves  them  in  an  inter- 
mediate or  liquid  ftate.  This  power  is  the  preflure 
of  the  atmofphere,  without  which  there  would  be  no 
liquid  in  nature,  for  all  bodies  would  be  either  folid 
or  aeriform. 

5 LIX.  Hence  all  bodies,  from  their  combination 
with  caloric,  may  exift  in  three  different  ftates,  which 
refult  from : 

1.  The  power  of  attraction  by  which  bodies  cohere. 

2.  The  quantity  of  caloric  with  which  the  fub- 
ftance  is  combined. 

3.  The  greater  or  lefs  preffure  of  the  atmofphere. 

5 LX.  The  means  by  which  a folid  body  may  be 
changed  into  a liquid  are,  therefore : 

1.  A combination  with  anew  and  fufficient  quan- 
tity of  caloric,  and 

2.  An  union  with  another  body  already  liquid. 

The  operation' by  which  a body  is  rendered  liquid, 

according  to  the  firft  method,  is  termed  fufion,  the 
theory  of  which  is  clear  from  what  has  been  advanced. 
In  the  fecond  cafe,  a body  becomes  liquid,  if  the 
quantity  of  caloric,  in  the  liquid  body  added,  be 
fufficient  to  remove  the  elementary  particles  of  the 
new  compound,  to  fucH  a diftance  as  will  diminifti 
their  cohefion  as  far  as  neceffary. 
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§ LXI.  A liquid  body  is  rendered  folid^ 

1.  By  the  lofs  of  a portion  of  its  caloric. 

2.  By  combining  it  with  another  folid  body. 

• In  the  former  cafe,  a body  parts  with  that  portion  of 
caloric  whereby  it  overcame  the  repelling  force  of  the 
molecules,  which  now  ajpproach  nearer  to  each 
other;  fo  that  they  are  again  a8:ed  upon  by  cohefion. 
This  change  of  bodies  is  termed  congelation.  In  the 
latter  cafe,  the  compound  bqdy  becomes  folid,  if  the 
caloric,  prefent  in  the  liquid,  be  not  fufficient  to  pre- 
vent the  attraftion  of  the  conftituent  particles  of  the 
new  body,  fo  as  to  caufe  it  to  be  a6ted  upon  by  co- 
hefion. 

§ LX  1 1.  A liquid  is  changed  into  the  ftate  of  gaz, 

1.  By  being  combined  with  a quantity  of  caloric 
fufficient  to  equipoife  the  preffure  of  the  atmofphere. 

2.  If  the  prdfure  of  the  atmofphere  be  either  fuffi- 
ciently  diminilhed,  or  totally  removed. 

§ LXIII.  A gaz  becomes  liquid, 

1.  By  the  lofs  of  that  fuperabundant  portion  of 
caloric  which  refifted  the  preifure  of  the  atmofphere. 

2.  By  fufficiently  iiicrcafing  that  preffure. 

^ LXIV.  Hence,  in  every  elaftic  fluid,  two  princi- 
pal objects  are  to  be  confidered : firfl,  the  caloric 
which  gives  it  its  exterior  form,  viz.  that  of  gaz. — 
Secondly,  the  body  diflblved  by  the  caloric,  and,  by 
which  the  peculiar  chemical  properties  of  the  gaz  are 
determined.  This  latter  is  generally  termed  the  bafis, 
which  we  mull  be  cautious  not  to  confound  with  the 
gaz  itfelf. 


§ LXV.  Caloric  continually  tends  to  form  an  equi- 
librium. Hence  it  is,  that,  if  two  bodies  of  the  fame  na- 
ture, for  inftance,  two  pieC'Cs  of  the  fame  metal,  be  un- 
equally heated,  or  combined  with  different  portions  of 
caloric,  and  brought  into  contabl  with  each  other,  the 
caloric  equally  diffufes  itfeif  throughout  the  twobodies ; 
and  the  quantities  of  caloric,  in  each  body,  will  bear  the 
fame  proportion  to  each  other  as  the  maffes  themfelves. 

I.XVI.  But,  fuppofing  the  two  bodies  to  be  of  a 
different  kind,  in  that  cafe,  though  the  caloric  would 
alfo  form  an  equilibrium,  and  each  body  would  in- 
dicate the  fame  temperature  to  the  thermometer,  yet 
the  proportions  of  caloric  in  each  body,  will  not  be 
as  the  maffes,  but  will  vary  according  as  the  bodies 
differ. 

5 LXVII.  This  ■ property  of  bodies,  to  require 
different  quantities  of  caloric  to  indicate  the  fame 
temperature  to  the  thermometer,  was  termed  by  Dr. 
Black,  the  capacity  of  a body  for  heat ; but  the  quan- 
tity of  caloric  itfeif  he  called  fpecific  heat.  The 
caufe  of  this  phenomenon  arifes  from  the  different 
degrees  of  afliniiy  which  different  bodies  poffefs  for 
caloric,  and  from  w'hich  the  capacities,  and  various 
points  of  faturation,  of  different  bodies  may  be  efli- 
inated. 

^ LXVm.  AVhen  any  body  is  in  cquilibrio  wdth 
the  bodies  which  furround  it,  with  fefpe61  to  its  ca- 
loric, that  quantity  which  it  contains  is  not  percep- 
tible by  any  external  fign  or  organ  of  fenfe,  and 
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is  termed  combined  caloric,  or,  according  to.  Black, 
latent  heat. 

} LXIX.  But,  if  the  latent  heat,  from  any  caufe,  be 
forced,  in  fome  degree,  to  quit  a body,  and  to  combine 
with  thofe  that  furround  it,  then  fuch  caloric  is  faid 
to  be  free  or  fenhble  until  the  equilibrium  is  re- 
ftored. 

5 LXX.  It  is  this  caloric  in  a free  ftate  v^hich  a6ls 
upon  our  organs,  and  excites  that  fenfation  which 
we  term  warmth  ; and  it  is  this  alone  which  we  can 
afcertain  by  the  thermometer.  The  temperature  of  a 
body  is,  therefore,  the  termination  of  the  rarefaftion 
of  the  mercury,  at  the  inftant  when  its  caloric  has 
eftablilhed  an  equilibrium  with  that  of  the  body. 

5 LXXI.  The  equilibrium  of  caloric  is  deftroyed 
by  the  following  caufes  : 

1.  A change  of  the  capacities  in  bodies  by  chemi- 
cal analyfis  or  fynthefis. 

2.  External  mechanical  prelTure. 

As  to  the  former,  the  reafon  of  the  feparation  or 
addition  of  caloric  is  to  be  fought  for  from  the  ge- 
neral laws  of  chemical  compofition  already  men- 
tioned, viz.  that  a compound  body  polfdfes  pro- 
perties different  from  its  conftituent  parts.  Hence 
the  capacity  of  the  compound  body  is  not  always  a 
mean  between  the  fum  of  the  capacities  of  its  con- 
lUtuent  parts,  but  is  oftentimes  greater  or  lefs ; and, 
on  account  of  this  greater  or  lefs  capacity  of  a com- 
pound body,  caloric,  at  the  moment  the  conftituent 
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pam  unite,  is  either  expelled  or  attraBed  from  fur* 
rounding)  bodies.  In  the  former  cafe,  the  tempera- 
iure  of  the  furrounding  bodies  is  increafed,  in  the 
latter  it  is  diminifhed. 

5 LXXII.  When  a body,  whofe  temperature 
has  been  determined,  comes  into  contad  with  feveral 
other  bodies  of  lower  temperatures,  then  the  caloric 
endeavours  to  form  an  equilibrium ; and  that  of  the 
firll  body,  becaufe  it  is  this  efpecially,  which  caufes 
a change  in  the  equilibrium,  diffufes  itfelf  throughout 
the  lecond,  and  from  thence  throughout  the  third, 
and  fo  in  fucceffion  till  all  their  temperatures  be 
equal.  The  intermediate  bodies,  through  which 
caloric  permeates,  are  called  condu6lors  of  heat,  and, 
as  they  convey  it  more  or  lefs  quickly,  they  are  faid 
to  be  c^ood  or  bad  conduÖors. 

^ LXXII  I.  All  bodies  polfefs  the  property  of 
communicating  caloric,  but  according  to  different 
degrees,  being  hence  termed  good  or  bad  condu6lors. 
Hitherto  we  know  of  but  one  exception,  which  is 
in  congealed  water  or  ice.  This  body  imbibes  all 
the  caloric  which  it  receives  from  other  bodies ; nor 
docs  it  communicate  the  leaft  quantity  to  fuch  as  lie 
contiguous  to  it,  until  the  quantity  of  caloric  it  has 
abforbed  has  rendered  it  liquid.  The  water  produced 
follows  again  the  general  law,  and  becomes  a con, 
duöor  of  heat. 

§ LXXIV.  Therefore,  if  a body  of  a certain 
temperature  be  brought  into  contaft  with  ice,  it  will 
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impart  to  the  ice  its  own  caloric,  till  it  has  defcended 
to  the  temperature  of  the  ice  itfelf;  and  we  fhall  fee 
that  only  as  much  of  the  ice  Returns  to  the  ftate  of 
Water  as  the  caloric,  which  it  had  imbibed,  could 
liquify.  This,  however,  is  that  portion  of  caloric 
which  had  raifed  the  body  from  the  temperature  of 
the  ice  to  that  which  it  polfelfed  previous  to  the 
experiment,  and  which  we  have  denominated  fpecific 
heat.  Moreover,  fince  equal  quantities  of  caloric 
ought  to  liquify  equal  quantities  of  ice,  it  follows, 
that  the  fpecific  heat  of  bodies,  under  like  circum- 
ftances,  is  in  a dire6l  ratio  of  the  quantities  of  ice 
which  they  can  liquify  when  brought  into  contaft. 

§ LX  XV.  From  the  foregoing  obfervations  we 
may  draw  the  following  conclufions : 

1.  If  equal  quantities  of  the  fame  body,  at  the 
fame  temperature,  come  feverally  into  conta61:  with 
ice,  then  equal  quantities  of  ice  will  be  changed  into 
the  liquid  fiate  of  water,  and  fuch  bodies  will  defcend 
to  the  temperature  of  the  ice. 

2.  If  unequal  quantities  of  the  fame  body  be 
treated  in  a fimilar  manner,  then  the  quantitios  of  the 
ice  liquified  will  be  in  a direct  ratio  of  the  quantities 
of  the  body. 

3.  But,  if  equal  quantities  of  different  bodies  be 
treated  in  this  way,  then  the  quantities  of  the  ice 
liquified  will  be  in  a direct  ratio  of  the  quantities  of 
caloric  which  thofe  bodies  have  lofi,  or,  in  other 
words,  they  will  be  in  a dire6l  ratio  of  the  quanti- 
ties of  caloric  which  caufed  thofe  bodies  to  afcend 
from  the  temperature  of  the  ice  to  that  which  they 
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pofTeffed  at  the  beginning  of  the  experiment,  and, 
therefore,  as  the  mafles  of  the  bodies  were  equal, 
they  will  be  in  a dire6i;  ratio  of  their  fpecific  heat, 
and  in  a direO:  ratio  of  their  own  capacities  for  ca- 
loric. 

Thefe  experiments  not  only  demonftrate,  that  dif- 
ferent bodies,  in  reality,  polfefs  different  capacities 
for  caloric ; but  they  likewife  fhew  us  the  means  by 
which  we  are  enabled  to  meafure  the  relative  quan- 
tities which  they  contain. 

} LX XVI.  Heat  and  cold,  therefore,  with  re-_ 
fpefl  to  our  fenfes,  are  diftinguiflied  by  thofe  percep- 
tions which  are  the  effeH  either  of  an  augmentation, 
or  diminution  of  caloric,  in  the  animal  body,  when- 
ever we  approach  an  objeH  whofe  temperature  is 
cither  higher  or  lower  than  that  which  we  ourfelves 
poffefs.  But,  fince  this  and  all  other  corporeal  fen- 
fations  depend,  in  a great  meafure,  upon  habit  and 
education,  it  afls  more  or  fefs  ftrongly  in  different 
perfons,  either  from  caufes  not  yet  fufficiently  afeer- 
tained,  or,  becaufe  fimilar  fenfations  had  been  felt 
before.  The  fenfation  of  heat  and  cold  is  not,  there- 
fore, always  a juft  criterion  of  the  true  ftate  of  a 
body  as  to  temperature. 

§ LX XVI I.  Whenever  the  degree  of  tempera- 
ture is  fo  high  as  to  excite  in  us  a fenfation  of  pain, 
we  term  it  hot.  A body  is  faid  to  be  of  a white 
heat,  when  caloric  and  light  is  rapidly  difengaged, 
and  the  temperature  of  fuch  body  is  that  of  can- 
defcence.  A gazeous  body,  when  ignited,  produces 
flame. 
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Incandefcence  and  flame,  therefore,  are  obferved 
in  the  rapid  difengagement  of  caloric  and  light.  The 
firft  effeä;  of  this  difengagement  is  inflammation ; and 
ihefe  phenomena,  taken  colledively,  excite  in  us 
that  idea  which  is  exprefled  by  the  word  fire. 

§ LXXVJII.  Among  the  various  ftates  of  heat, 
it  is  neceflary  that  we  fhould  confider  caloric  in  two 
points  of  view. — Firft,  as  it  elevates  bodies  above 
the  temperature  of  the  furrounding  medium,  where 
it  is  known  by  the  term  fenfible  heat,  and  which  we 
can  meafure  either  by  a common  thermometor  or 
by  Wedgwood’s  pyrometer.  Secondly,  the  whole 
xjuantity  of  caloric  exifting  in  a body  in  chemical 
union,  where  it  is  known  by  tbe  term  abfolute  heat, 
the  quantity  of  which  is  afcertained  by  the  calori- 
miter  of  La  Place. 

^ LX XIX.  From  the  principal  laws  which  caloric 
follows  in  its  combination  with  other  bodies,  and 
from  the  properties  already  recited,  many  phenomena 
may  be  explained  which  occur  in  the  chemical  folu- 
ion  of  bodies,  and  in  which  caloric  is  the  principal 
agent.  Thus : 

1.  Why  two  folid  bodies  cannot  mutually  diflblve 
each  other;  and  why  it  is  neceflary,  for  that  pur- 
pofe,  that  one  of  them,  at  leaft,  fhould  be  in  a 
fluid  ftate. 

2.  Why,  in  moft  combinations  of  folids  with 
fluids,  caloric  promotes  folution. 
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3*  Why  the  contrary  happens  in  folutions  of  aeri- 
form bodies  in  liquids. 

4.  W by  the  combination  of  two  folid  or  two  fluid 
bodies,  or  the  combination  of  one  fluid  with  one 
folid,  produces  a body  which  is  either  folid  or  fluid- 

5.  What  phenomena  ought  to  be  produced  as 
to  volume,  fpecific  gravity,  and  temperatures- 

5 LXXX.  In  the  chemical  combination  of  bodies, 
however,  there  occurs  another  phenomenon  of  con- 
iidcrablc  importance,  which,'  though  it  certainly  de- 
pends upon  caloric,  yet,  in  the  prefent  ftate  of 
chemiflry,  we  are  not  fufficiently  acquainted  with  its 
theory : this  is,  that  the  affinity  of  bodies  is  greater 
or  lefs  after  their  temperatures  have  either  been  in- 
creafed  or  dirniniffied.  . 

§ LX XXI.  Bodies  frequently  lofe  their  affinity 
in  an  increafed  temperature,  and  are  decompounded* 
and  this  phenomenon  unfolds  the  theory  of  many 
decompofitions,  which  are  effeäed  by  the  aid  of  dif- 
tillation  alone. 

IV.  OF  THE  MATTER  OF  LIGHT. 

^ LXXXIL  Though  Philofophers  ^re  already?  in  ■ 
a great  meafure,  acquainted  with  the  phyfleal  pro- 
perties of  light  and  the  la^vs  by  which  it  aBs,  yet 
our  knowledge,  refpeBing  its  chemical  properties 
and  corapofition,  is  ftill  very  limited,  and  our  whole 
fcience,  on  this  fubjeBj  confifls  merely  in  the  know- 
ledge of  a few 
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§ LXXXIII.  Neverthdlefs  it  can  be  proved  by 
experiments,  that  the  matter  of  light  is  a fluid  of 
a peculiar  kind,  impenetrable  and  elaftic;  that 
its  gravity,  like  that  of  caloric,  is  not  afcertainable 
by  experiments;  that,  in  common  vzith  all  other 
fluids,  it  pofleffes  chemical  affinities,  by  ’which  it 
combines  with  difl'erent  fubftances,  and  folves  com- 
pounds, and  that  it  is  itfelf  feparated  from  its  combi- 
nation. 

§ LX XX IV.  The  moll  remarkable  change  pro- 
duced in  bodies,  in  confequence  of  their  combining 
with  the  matter  of  light,  is  that  of  colour;  and  it  is 
highly  probable,  that  this  external  property  of  bodies 
is  chiefly  owing  io  that  fub fiance. 

§ LX XXV.  The  aBion  of  the  matter  of  light  is 
moll  confpicuous  upon  organized  bodies,  which  are 
not  matured  without  its  influence;  and  it  is  alfo  cer- 
tain, that  plants  derive  from  light  their  green  colour. 

§ LX  XXVI.  Bodies  which  produce  light,  'though 
their  temperature  be  not  increafed,  are  termed  phof- 
phorefcent.  Several  do  not  obtain  this  property 
but  when  expofed  to  light  for  a confiderable  time, 
and  lofe  it  again  by  degrees,  when  removed  into  the 
dark. 

§ LX XXVII.  The  following  queries  remain  to 
be  folved  refpeBing  the  matter  of  light : 

1»  Is  the  matter  of  light  a Ample  or  compound 
body  ? 
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2.  In  the  firft  cafe,  is  it  a body  exifling  per  Je^  or 
is  it  always  a conftituent  part  of  caloric  ? 

3.  In  the  latter  cafe,  is  caloric  a conftituent  part 
of  light  ? 

4.  In  either  cafe,  how  far  does  its  co-operation  and 
influence  extend  in  producing  the  phenomena  of  . 
heat  ? 

V.  OF  THE  ATMOSPHERE. 

LX XXVIII.  That  gazeous  or  aeriform  fluid, 
which  everywhere  invefts  the  furface  of  our  globe, 
in  which  all  bodies,  exifling  upon  that  furface,  are 
immerfed,  and  which  occupies  and  fills  the  interme- 
diate fpaces,  has,  by  the  Philofophers  of  every  age, 
been  termed  the  atmofphere. 

5 LX XX IX.  Philofophers,  for  centuries  paft,had 
made  the  atmofphere  an  object  of  their  inquiry;  and 
moft  of  its  phyfical  properties  have  been  long  ago 
afcertained:  they  had  noticed  its  tranfparency  and 
colour,  and  had  afcertained  its  denfity,  elafticity, 
and  gravity.  But  it  is  only  of  late  that  this  fluid, 
which  by  the  name  of  air  was  formerly  clafled 
among  the  elements,  has  been  chemically  refolved 
and  feparated  into  its  conftituent  parts.  The  atmof- 
phere, therefore,  comprehends  a part  of  chemiftry, 
and  as  fuch  merits  our  particular  attention. 

§ XC.  Since  the  atmofphere  ought  to  be  confi- 
dered  as  the  univerfal  laboratory  of  nature,  in 
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which  all  the  chemical  changes  of  bodies,  upon  the 
furface  of  the  earth,  are  effefted,  and  in  which  all 
bodies  reduced  to  the  ftate  of  gaz,  in  confequence 
of  fuch  changes,  are  diffufed,  we  readily  conclude, 
that  the  air  of  the  atmofphere  is  a very  compound 
body.  From  its  chemical  decompofition,  however,  it 
is  evident,  that  moft  of  thofe  bodies  which  we  meet 
with  in  it  are  merely  adventitious,  and  variable  ac- 
cording to  circumftances,  and  that  the  atmofphere 
confifts,  properly,  of  a very  few  principles,  in  which 
the  reft  are  dilfolved,  as  in  a common  menftruum. 
Hence  it  is  neceflary  that*  we  fhould  firft  obtain  a 
knowledge  of  the  true  component  parts  of  the  atmof- 
phere. 

} XCL  Let  a fmall  portion  of  mercury  be  intro- 
duced into  a glafs  retort,  placed  in  a fand-batb, 
and  its  orifice  connefited  by  a glafs-tube,  with  a re- 
ceiver in  the  hydropneumatic  apparatus.  The  water 
in  the  receiver  is  now  raifed  to  the  height  of  the 
water  contained  in  the  apparatus,  and  the  bath  gra- 
dually heated  till  the  mercury  nearly  boils. 

The  air  of  the  retort,  as  well  as  that  of  the  receiver, 
will  be  at  firft  fomewhat  rarified  by  the  effe6l  of 
heat,  and  the  w^ater,  contained  in  the  receiver,  will  be 
coniequently  deprefled,  but  the  volume  of  air  will 
foon  afterwards  decreafe,  and  the  water  will  again 
afeend.  The  mercury  alfo,  which  at  firft  exhibits 
no  material  change,  begins  then  to  lofe,  in  fome 
meafure,  its  fluidity  and  metallic  fplendour,  and  be- 
comes a reddiih  fcaly  powder. 
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§ X,CII.  After  this  operation  has  been  continued 
till  neither  the  air  fuffers  a further  diminution,  nor  the 
mercury  is  longer  changed  into  fuch  powder,  which  ge- 
nerally happens  in  about  ten  or  twelve  days,  we  then 
find : 

1.  That  the  air  of  the  receiver  has  loft  about 
one-fifth  part  of  its  volume,  and  that  the  remainder 
is  not  fo  fit  for  fupporting  flame,  or  maintaining 
animal  refpiration,  as  before : 

2.  That  the  mercury,  changed  into  fuch  red 
powder,  is  confiderably  augmented  in  weight;  but  that 
the  fjpecific  gravity  of  fuch  powder  is  lefs  than  that  of 
the  mercury. 

§ XCIIL  The  powder  thus  obtained,  being  fepa- 
rated  from  the  pure  mercury  which  ftill  adheres 
to  it,  is  put  into  a glafs  retort,  the  orifice  of  which 
is  attached  to  Woulfe’s  apparatus.  The  retort  is  now 
expofed  to  a gentle  heat,  which  is  gradually  in- 
creafed.  At  firft  the  colour  of  the  powder  is  con- 
fiderably heightened;  but  afterwards  it  entirely  dif- 
appears,  and  we  obtain  the  pure  metal,  and  a coiifi- 
"derable  cjuantity  of  an  aeriform  fluid. 

XCIV.  The  weight  of  the  mercury,  thus  acquired, 
will  be  lefs  than  that  of  the  calx  employed ; but  this 
deficiency  is  precifely  equal  to  the  weight  “of  the 
aeriform  fluid  obtained.  This  gaz  is  even  more  fit 
for  the  refpiration  of  animals  and  the  I'upport  of 
flame  than  atmofpheric  air  itfelf.  . 

XCV.  By  attentively  confidering  thefe  experi- 
ments, it  appears : 
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1.  That  in  the  former  operation  the  atmofpherö 
has  been  decompounded ; that  one  part  has  com- 
bined with,  the  mercury,  and  changed  it  into  a red 
powder,  termed  calx  of  mercury ; and  that  the  other 
part  remains  unchanged. 

2.  That,  in  the  latter  experiment,  a greater  degree 
of  heat  having  been  applied,  that  part  of  the  atmof- 
phere  combined  with  the  mercury  is  again  feparated, 
and  both  the  gaz  and  the  mercury  are  obtained  in  a 
pure  ftate. 

^ XCVI.  As,  from  the  combination  of  thefe  two 
gazes,  we  obtain  the  former  air,  we  lifave  reafon  to 
conclude,  that  the  atmofphere  confilts  of  two  gazes, 
of  which  one  is  very  fit  for  fupporting  flame  and 
animal  refpiration,  the  other  not  at  all. 

§ XCVI  I.  Each  of  thefe  gazes  is  compofed  of  ca- 
loric and  a peculiar  body,  which  conftitutes  its  bafis. 
But  Chemifts  have  not  hitherto  been  able  to  obtain 
thofe  two  bales  in  a flate  of  purity,  nor  to  eflTe^I  their 
further  decompofition,  for  which  reafon  they  have 
been  confidered  as  Ample  bodies : and,  as  they  were 
before  unknown,  it  became  neceflary  to  diftinguilh 
them  by  new  terms.  Thus  the  refpirable  part  of  the 
atmofphere  has  been  called  oxygen,  and  the  un- 
refpirable  part  azot,  or  nitrogen,  and  the  gazes, 
formed  of  thefe  bafes  and  caloric,  have  been  termed 
oxygen  gaz  and  nitrogen  gaz. 

§ XGVIII.  As  the  gazeous  ftate  of  thefe  bodies 
is  the  fimpleft  ftate  in  which  they  occur,  \re  lhall 


42 


examine  them  in  that  ftate,  and  firft  of  all  proceed 
to  treat  of  the  moll  remarkable  properties  of  oxygen 
gaz. 


§ XCIX.  The  atmofphere  contains  oxygen  gaz  in 
a proportion  of  27  : 100.  Its  fpecific  gravity,  to  that 
of  common  air,  is  as  1103  : 1000.  A cubic  inch 
weighs  0,50694  of  a grain.  Water  dilfolves  but  a 
fmall  quantity  of  it,  and  does  not  from  thence  fuffer 
any  change. 

5 C.  Oxygen  gaz  is  decompofed  by  metals,  and 
fome  other  bodies,  at  a higher  or  lower  temperature. 
They  combine  with  its  bafis  or  oxygen,  and  form 
various  compounds,  the  caloric,  being  at  the  fame 
time  difengaged,  palfes  o][F  in  the  ftate  of  fenfible  heat. 
The  operation  by  which  this  is  elFe6led  is  termed 
oxidation;  and  the  compound  bodies,  thus  obtained, 
are  called  oxides. 

5 Cl.  But,  if  the  decompofition  be  rapidly  effeSed, 
and  the  quantity  of  caloric  difengaged,  fufficient  to 
raife  the  temperature  of  the  bodies  to  ignition,  the 
procefs  is  then  termed  combultion ; or,  if  the  bodies 
be  metals,  calcination.  Thofe  bodies,  which,  on 
account  of  their  affinity  with  oxygen,  are  capable  of 
burning",  are  faid  to  be  combullible  bodies. 

5 Cl  I.  There  are  but  few  cafes  where  the  mere 
contaB:  of  a body  with  oxygen  gaz  is  fufficient  to 
produce  combuftion ; for  we  are  commonly  obliged 
to  raife  the  temperature,  in  order  that  the  bodies 
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may  begin  their  mutual  a8:ion,  which  adion  is  fppn^ 
taneoufly  continued.  Incipient  combuftion  is  termed 
accenfion,  and  bodies,  which  accend  in  the  common 
temperature  of  the  atmofphere,  are  called  pyrophori. 

§ cm.  As  bodies  do  not  burn  in  atmofpheric 
air  but  on  account  of  the  oxygen  gaz  contained  in  it, 
it  follows,  that  the  atmofphere  muft  be  neceffarily 
refolved  into  its  conhituent  parts,  whenever  combuf- 
tion, or  oxidation,  takes  place.  The  bafis  of  the 
oxygen  gaz  combines  with  the  body  in  combuftion, 
and  has  its  caloric  difengaged;  and  the  nitrogen  gaz 
is  left  in  the  atmofphere  unchanged.  Beftdes,  as  com- 
buftion goes  on  more  rapidly  when  many  points  of 
the  combuftible  body  come  into  contad  with  the 
oxygen  gas,  it  is  obvious  why  -a  body  burns  fo  ra- 
pidly in  pure  oxygen  gaz,  and  why  agitation  promotes 
combuftion  in  common  air. 

5 CIV.  Oxygen  gaz  is  properly  that  part  of  the 
atmofphere  which  promotes  animal  refpiration.  Du- 
ring this  funQion,  the  oxygen  gaz  is  refolved  into 
its  conftituent  parts.  The  oxygen  partly  combines 
with  the  blood  in  the  lungs,  and  gives  it  its  Vermil- 
lion colour,  and  partly  with  the  carbon  and  hydro- 
gen difengaged  from  the  fame  blood,  thus  genera- 
ting carbonic  acid  and  water.  At  the  fame  time,  the 
caloric,  which  is  fet  at  liberty,  combines  with  the 
blood,  and  quickly  diffufes  itfelf  throughout  the 
animal  body,  producing  in  it  that  temperature, 
termed  animal  heat.  The  water,  the  carbonic  acid, 
the  nitrogen  gaz  infpired,  and  the  fuperabundant 
oxygen  gaz,  are  at  the  fame  time  expired  from  the 
lungs. 
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§ CV.  From  which  it  is  evident: 

1.  Why  an  animal,  confined  in  oxygen  gaz,  lives 
four  or  five  times  longer,  than  if  confined  in  the  fame 
quantity  of  atmofpheric  air;  and  why,  in  each  of  thefe 
cafes,  the  gaz  is  diminifited,  and  at  length  becomes 
unfit  for  refpiration. 

2.  Why  animal  heat  is  not  perceptible  in  thofe 
animals  which  do  not  at  all  refpire,  or,  which  w^ant 
but  a fmali  quantity  of  oxygen  gaz  for  refpiration. 

3.  Why  the  fame  caufe,  which  renders  animal-ref- 
piration  more  frequent,  always  produces  a greater 
degree  of  animal  heat. 

§ CVI.  Nitrogen  gaz  is  contained  in  atmofpheric 
air  in  a proportion  of  73  : 100.  Its  fpecific  gravity 
to  that  of  common  air  is  985  : 1000 ; a cubic  inch 
weighs  0,44444  ^ grain.  It  is  as  little  foluble  in 

water  as  oxygen  gaz.  It  is  altogether  unfit  for  ref- 
piration, and  the  fupport  of  flame;  for  kindled  bo- 
dies are  foon  exlinguiflicd,  and  animals  die  almofl 
infiamly  on  being  immer  fed  in-  it.  It  has  not  the 
leali  appearance  of  an  acid,  nor  is  it  itfelf  com- 
buPtible. 

§ evil.  Thefe  two  gazes,  which  comprehend  the 
principal  parts  of  the  atmofphere,  cannot,  indeed,  be 
diftinguifhed  from 'each  other  by  the  eye;  but,  as  we 
are  taught  by  experience,  that  they  form  themfelves 
into  two  firata,  wdficb,  on  account  of  their  fpecific  gra- 
vity, refl  upon  each  other,  it  follows,  that  they  do 
not  exift  in  the  aimofphere  in  a (late  of  chemical  com- 
bination, but  in  a flate  of  mechanical  mixture  onlv. 
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5 CVIII»  The  atmofphercj  befides  oxygen  and 
nitrogen  gazes,  to  which  it  owes  its  chief  properties, 
conftils,  as  we  have  faid,  of  other  gazeous  bodies;  but 
thefe  are  merely  adventitious,  and  not  conftituent, 
parts.  We  fhall  only  mention  two  of  them,  as  being 
moil  obvious;  one  is  water,  and  the  other,  carboni(? 
acid  gaz,  or  fixed  air. 

5.  CIX.  All  the  diiFerent  gazes,  hitherto  known, 
have  a greater  or  lefs  affinity  with  water;  they  difiblve 
it  in  greater  or  lefs  quantities ; and  the  combination 
indicates  all  the  marks  of  a true  chemical  union. 
Hence,  both  the  gazes  of  which  the  atmofphere  is 
compofed,  contain,  at  all  times,  fome  portion  of 
water,  which  may  be  feparated,  either  by  means  of  a 
body  which  has  a greater  a'ffinity  with  it,  or  by  dimi- 
niffiing  the  temperature. 

§ CX.  The  quantity  of  water,  diflblved  in  the  at- 
snofphere,  varies  according  to  its  tempers^Ture.  The 
relative  quantity  is  eftimated  by  means  of  a hygro- 
meter, but  the  abfolute  quantity  is  afcertained  by 
means  of  bodies  which  poffefs  a greater  affinity  for 
water;  as  for  inftance,  fome  falts.  According  to  the 
celebrated  Saulfure,  the  greateft  quantity  of  water 
which  a cubic  foot  of  atmofpheric  air,  at  the  common 
temperature,  can  diffolve  is  1 2.  grains. 

{ CXI.  Since  carbonic  acid  gaz  is  always  gene- 
rated by  animal  refpiration,  and  diffufed  in  the  at- 
Tnofphere,  we  may  readily  conclude,  that  this  gaz 
mull  iicceffarily  form  one  of  its  conftituents  in  places. 
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inhabited  by  animals.  However,  it  has  likewife  been 
found,  that  the  atmofphere,  even  in  fuch  places  where 
animals  do  not  live,  contains  always  a portion  of- this 
gaz,  though  fomewhat  lefs.  But,  as  its  proportion  in 
atmofpheric  air  is  only  as  about  o.oi,  it  cannot  be 
numbered  among  the  conftant  principles  of  the  at- 
mofphere. 

§ CXI  I.  As  atmofpheric  air,  on  account  of  the 
many  and  great  changes  which  bodies,  contained  on 
the  furface  of  the  earth,  undergo,  is  continually  re- 
folved  into  its  principles,  and  recompofed  by  others, 
which  fucceed,  oije  would  think,  that  the  proportion 
of  o:?cygen  and  nitrogen  gazes,  ought,  at  different 
times,  and  under  variolis  circumftances,  to  be  very 
different;  but  experience  teaches  us,  that,  in  the  great 
mafs  of  atmofpheric  air,  the  difference  of  proportion 
of  thefe  two  gazes  amounts  never  to  more  than 
three,  or,  at  moft,  four  parts  in  a hundred : and  nature, 
amidff  the  various  means  Ihe  employs  to  maintain  the 
harmony  of  the  whole,  has  fo  wifely  regulated  it,  that, 
after  all  the  vicilfitudes  which  the  atmofphere  under- 
goes, it  remains  conftantly  in  that  ftate  which  is  beft 
adapted  for  the  fupportof  animals  and  fire. 

^ CXIII.  In  order  that  the  proportion  of  oxygen 
and  nitrogen  gazes  may  be  eafily  and  readily  efti- 
mated,  various  inffruments  have  been  invented, 
called  eudiometers.  They  are  all  founded  upon 
the  principle  of  decompofing  common  air,  by 
means  of  a body  which  has  a greater;  affinity  with 
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the  oxygen  of  the  oxygen  g^z.  But  of  thefe  in 
their  place, 

VI.  OF  WATER. 

§ CXIV.  Water  is  a tranfparent  fluid,  colourlefs, 
very  inelaftic,  and  void  both  of  tafle  and  fmell.  It 
enters  not  only  into  the  compofidon  of  mofl  bodies 
of  the  three  kingdoms  of  nature,  but,  by  itfelf  alone, 
it  conflitutes  a phyflcal  part  of  the  earth,  in  the  form 
of  large  mafles,  both  folid  and  fluid.  Its  fpecific  gra- 
vity is  the  criterion  of  the  gravities  of  all  other  bodies, 
and  is  fet  down  as  unity.  The  degrees  of  tempera- 
ture at  which  water  pafles  from  the  folid  into  the 
fluid  flate,  and  from  thence  into  the  flate  of  aeriform 
vapour,  are  likewife  comparative  points  of  the  tempe- 
ratures of  all  other  bodies. 

5 CXV.  Though  water  may  exifl  under  a triple 
form,  and  in  that  cafe  poflefs  various  phyflcal  pro- 
perties, yet,  this  circumflance,  chemically  confldered, 
produces  no  other  elfe6l  than  that  which  the  diffuflon 
of  caloric  produces  in  all  bodies. 

§ CXVI.  Water,  as  generally  met  with,  and  ev'en 
rain,  is  not  flridly  pure,  but  impregnated  with  various 
heterogeneous  particles.  It  is  requiflte,  therefore, 
that  it  fhould  be  purified  before  it  is  ufed  for  experi- 
ment. This  is  effected  by  Ample  diflillation;  for  thus 
the  folid  particles  are  left  behind,  mofl  of  the  vola- 
tile parts  pafs  off  in  the  form  of  air,  and  pure  water 
flows  into  the  receiver.  Water,  obtained  by  a procefs 
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of  this  kind,  has  not  fufFered  the  leaft  decompofition, 
and  is  termed  iimple  diftiiled  water, 

§ CXVII.  Water,  till  very  lately,  was  confidered 
by  natural  philofophers  as  a ßmple  body,  and  clafied 
among fl  the  elements.  But  within  thefe  few  years 
we  have  difcovered  the  means  of  refolving  this  body 
into  its  conftituent  parts,  and  of  recorapofing  it;  and 
it  can  now  be  dcmonllrated,  as  well  by  analyfis  as  fyn- 
thefis,  that  water  is  a.  compound  body  confiding  of 
two  principles. 

§ CXVIII.  Let  pure  water  be  affufed  in  the  pneu- 
jnatic  apparatus  upon  iron  filings,  and  kept  at  reft. 
After  fome  time,  the  iron  will  begin  tolofe  its  metal- 
lic fplendoLir,  and  be  changed  into  a fine  black 
po^vder,  and  a confiderable  quantity  of  a gazeous 
fluid  will  efcape  from  the  mixture.  At  length,  .when 
all  the  iron  is  thus  changed  into  black  powder,  wc 
fiiall  find: 

1.  That  the  iron.has  increafed  in  weight. 

2.  That  the  quantity  of  water  is  diminifhed, 

3.  That  the  fum  of  the  additional  weight  of  the 
iron,  and  of  the  weight  of  the  gazeous  fluid  obtained, 
is  precifely  equal  to  the  w^eight  of  the  water  loft. 

CXIX.  Let  a luted  iron  tube  be  placed  hori- 
zontally in  an  air  furnace,  and  let  a glafs  retort  con- 
taining a certain  quantity  of  water  be  attached  to  one 
of  its  extremities,  and  to  the  other  extremity  the  hy- 
dropneumatic  apparatus.  The  iron  tube  being  now 
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ignited,  and  the  water,  contained  in  the  glafs  retort, 
heated  at  the  fame  time  to  ebullition,  aqueous  va- 
pours are  forced  to  pafs  through  the  red  hot  tube; 
and  water,  befides  a great  quantity  of  gaz,  will  be  ob- 
tained in  the  receivers. 

§ CXX.  When  the  water  has  palfed  in  this  manner 
through  the  iron  tube,  in  the  form  of  vapours,  and 
after  the  apparatus  has  been  cooled,  we  fhall  find: 

1.  That  the  internal  furface  of  the  iron  tube  is 
oxided,  and,  confequently,  that  the  weight  of  the  tube 
has  been  increafed. 

2.  That  the  quantity  of  water  which  has  flowed 
into  the  receiver  is  lefs  than  that  previoufly  contained 
in  the  retort. 

3.  That  the  fum  of  the  weight  of  the  gaz  ac- 
quired, and  of  the  increafed  weight  of  the  iron,  is 
precifely  equal  to  the  weight  loft  by  the  water. 

§ CXXI.  In  each  of  thefe  experiments,  the  water 
is  decompounded.  The  iron,  combining  with  one 
of  its  principles,  is  reduced  to  an  oxide,  and  the  other 
principle  combines  with  caloric,  and  forms  a gazeous 
fluid.  Since  the  change  which  the  iron  undergoes  in 
thofe  experiments  is  a true  oxidation,  we  may  rea- 
dily conclude,  that  oxygen  is  one  of  the  conftituents 
of  water. 

5 CXXII.  On  examining  the  aeriform  fluid  ob- 
tained, we  find  that  it  poflelfes  the  following  proper- 
ties ; 
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1.  It  is  much  lighter  than  atmofpheric  air;  its 
fpecific  gravity  to  that  of  the  atmofphere  being  as 
1000  to  1 50005  and  a cubic  inch  of  it  weighs  0.07539? 
of  a grain. 

2.  It  has  a peculiar  ungrateful  fmell,  and  is  to- 
tally unfit  for  animal  refpiration,  and  the  fupport  of 
flame. 

3.  It  is  itfelf  a combuftible  body,  and  may  be 
inflamed  in  contad  with  oxygen  gaz. 

§ CXXIIL  As  this  gaz  is  dittingiiiflied  from  all 
others  on  account  of  its  property  of  being  inflamma-- 
ble,  it  has  been  termed  inflammable  air.  But,  as  its 
bafis,  which  becomes  gaz  in  confequence  of  com- 
bining with  caloric,  conflitutes  the  other  principle  of 
water,  modern  Chemifls  have  termed  it  hydrogen. 

§ eXXIV.  As  water  can  be  refolved  into  its  two 
principles,  not  only  by  the  foregoing  experiments, 
but  by  a great  number  of  others,  fo  it  can  likewife 
be  obtained  again  from  thofe  principles  by  fynthefis; 
for,  whenever  hydrogen  gaz  is  burned  in  oxygen  gaz, 
their  bafes  combine,  and  form  pure  water;  and,  if  this 
procefs  be  performed  in  a clofe  veflel,  we  find  that 
the  weight  of  the  water  obtained  is  precifely  equal  to 
the  Vv^eight  of  the  two  gazes  employed. 

§ eXXV.  Water,  therefore,  confifts  of  two  prin- 
ciples, viz.  of  oxygen,  or  the  bafis^,psf^xygen  gaz, 
and  of  hydrogen,  or  the  bafis  of  inflammable  air, 
combined  by  true  chemical  union.  x\ccording  to  the 


51 

«xperiments  hitherto  made,  both  by  fynthefis  and 
analyfis,  water  contains  oxygen  in  a proportion 
of  about  6 : 1 of  hydrogen,  or  equal  to  85.663: 
14.337  • ^^5  10^  grains  of  water  contain  about  86 

grains  of  oxygen,  and  14  grains  of  hydrogen.  Or,  as 
to  volume,  two  parts  of  hydrogen  gaz  require  about 
one  part  of  oxygen  for  combuftion ; and  the  water, 
thus  produced,  occupies  about  i~ 2000th  part  of  that 
volume. 

§ CXXW.  If  hydrogen  gaz  be  mixed  with  oxygen 
gaz,  previous  to  their  being  burned,  the  combuftion 
will  be  inftantaneous;  and,  on  account  of  the  extra- 
ordinary, diminution  of  volume,  which  takes  place 
immediately,  a vacuum  is  produced,  into  which  the 
furrounding  atmofphere,  fuddenly  ruftiing,  caufes  a 
ftrong  report,  which  will  be  the  more  violent  by  how 
much  more  the  oxygen  gaz  is  purer,  and  by  how 
much  more  a due  proportion  of  each  gaz  has  been 
obferved. 

J CXXVII.  As  the  combuftion  of  inflammable 
air  in  atmofpheric  air  is  only  in  a dire6l  ratio  of  the 
quantity  of  oxygen  gaz  which  it  contains,  inflamma- 
ble air  has  been  made  ufe  of  as  an  eudiometer.  To 
this  end,  equal  parts  of  atmofpheric  and  of  inflam- 
mable air  are  introduced  into  a graduated  glafs  tube, 
clofed  by  means  of  a cock.  The  gaz,  thus  mixed, 
is  then  inflamed  by  the  eledric  fpark,  and  the  cock 
of  the  tube,  immerfed  in  water,  is  opened.  The 
water  which  thus  enters  the  tube  indicates  the  vo- 
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lume  of  the  vacuum,  and,  confequently,  the  proper*, 
tionate  quantity  of  oxygen  gaz. 

§ CXXVIII.  From  this  knowledge  of  the  princi- 
ples of  water,  we  may  explain  the  reafons: 

1.  Why  the  combuftion  of  bodies,  which  contain 
a great  deal  of  hydrogen,  fuch,  for  inftance,  as  fat, 
oil,  fpirit  of  wine.  See,  is  at  all  times  productive  of 
water;  and  why  it  happens  that  the  weight  of  the 
v;ater,  thus  obtained,  exceeds  oftentimes  the  weight 
of  the  combuftible  body  itfelf. 

2.  Why  a fmall  quantity  of  water  fprinkled  upon 
fuch  bodies,  wlien  burning,  promotes  combuilion. 

3.  Flow  oxygen  gaz  is  difFufed  in  the  atmofphere 
in  confequence  of  the  frequent  decompofitions  of 
water  which  take  place  on  the  furface  of  tlie  earth. 

4.  How,  in  fome  very  rare  cafes,  this  decompo- 
fition  of  water  produces  inflammable  air,  as  is  obferv- 
able  in  marflies  and  ftagnated  waters:  whence  ignes 
fatui,  (Ireamers,  Sec, 

5.  How  this  inllammablc  air,  on  account  of  its 
levity,  is  carried  into  the  higher  regions  of  the  at- 
mofphere, where,  on  the  elcFtric  fluid  forming  an 
equilibrium,  it  is  inflamed  and  reduced  to  water, 
caufing  the  phenomena  of  lightning,  thunder,  and 
partly  of  rain. 

§ CXXIX.  Although  it  has  not  been  demon- 
ftrated,  yet  it  is  very  probable,  that  a part  of  the 
oxygen  gaz  infpired  combines  with  the  hydrogen  dif- 
engaged  in  the  lungs,  and  forms  water;  whence  the 
air  which  we  expire  is  commonly  moift. 
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THE  MINERAL  KINGDOM. 

§ CXXX.  The  fubftances  of  the  mineral  kingdom, 
confidered  with  refpe8:  to  their  chemical  properties, 
may  be  properly  divided  into  four  claifes:  i.  Salts; 
2.  Earths;  3.  Inflammable  Bodies;  and  4.  Metals. 

VIE  OF  SALTS  IN  GENERAL. 

5 CXXXL  Since  in  the  three  kingdoms  of  nature 
there  are  bodies  which,  from  the  great  flmilarity  of 
their  properties,  are  clafled  among  the  falts,  there- 
fore, before  we  proceed  to  treat  of  the  falts  of  tKe 
mineral  kingdom  exclufively,  we  (hall  make  fome 
general  obfervations  equally  applicable  to  thofe  of 
the  animal  and  vegetable  kingdoms. 

§ CXXX II.  Although  it  be  eafy,  even  to  thofe 
who  are  but  imperfeftly  flvilied  in  chemiftry,  to  dif- 
tinguilh  falts  from  other  bodies,  yet  it  is  very  diffi- 
cult, nay,  next  to  impoflible,  to  give  a definition  of 
a fait  which  may  not  be  applicable  to  any  other  fub- 
ftance.  A definition  of  this  clafs  of  bodies,  however, 
feems  to  depend  upon  the  agreement  of  the  following 
properties,  which  every  fait  polfelfes  in  a greater  or 
lefs  degree : 

^ CXXXIIL  All  falts  are  foluble  in  pure  water, 
although  they  greatly  differ  in  folubility,  which  is 
determined  by  the  proportionate  quantity  of  boiling 
water  required  to  diffolvc  the  fait.  Thus  fome  kinds 
of  fait  require  no  lefs  than  1000  parts  of  water  for 
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complete  folution  ; others,  on  the  contrary,  require 
but  half  their  weight  of  water.  From  thefe  different 
degrees  of  fohibility,  fome  Philofophers  have  at- 
tempted to  point  out  the  limits  between  falts  and 
earths,  and,  therefore,  confider  fuch  bodies  only  as 
falts  which  are  foluble  in  200  parts  of  boiling  water. 
Bergmann  dates  this  limit  at  1000  parts. 

^ CXXXIV.  Mod  falts  excite  that  fenfation  upon 
the  tongue  which  is  termed  favour;  but,  as  this  fenfa- 
tion depends,  in  fome  meafure,  upon  the  folubility 
of  the  fait  in  the  faliva,  therefore  falts  are  more  fa- 
voury  as  they  are  more  foluble.  In  fach  as  do  not 
didblve  but  with  the  greated  didiculty,  fapidity  is 
fcarcely  perceptible. 

§ CXXXV.  Many  falts,  after  having  been  did 
folved  in  water,  and  the  folution  evaporated,  may  be 
again  obtained  pure,  and  in  a certain  and  determi- 
nate crydalline  form.  Such  as  are  more  readily  dif- 
folved  in  hot  than  in  cold  water  are  crydallized  by 
cooling  the  lixivium ; but  fuch  as  affume  the  form 
of  crydals,  under  no  circumdance  whatfoever  are 
faid  to  be  uncrydallizable.  There  arc  many  falts 
v.diich  cannot  be  exhibited  in  a folid  form ; and 
others  are  only  pure  when  in  the  date  of  gaz. 

^ CXXXVI.  Incombudibility  has  been  confi- 
dered  by  fome  Chemids  as  a property  common  to 
all  halts,  becaufe  mod  faits,  previous  to  combudion, 
mud  be  refolved  into  their  component  parts  > and 
thefe  parts  alone  are  burned^  and  not  the  falts  them- 
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felves.  But  this  obfervation  does  not  generally  hold 
good ; for  fome  falls  burn  by  entering  into  combina- 
tion with  a fuperabundant  portion  of  oxygen : but 
this  combuftion  goes  on  {lowly,  and  without  producing 
flame. 

J CX XXVII.  Salts,  compared  with  other  bodies, 
poifefs  the  greaieft  number  of  affinities,  and  are, 
therefore,  continually  employed  in  analyfis.  Hence 
the  ancient  Chemifts  diitinguiffied  them  exclufively 
by  the  name  of  folvents. 

§ CXXXVIII.  Salts,  with  refpeB  to  their  che- 
mical properties,  are  divided  into  two  claifes;  into 
acid  falls,  or  acids,  and  into  alkaline  falts,  or  al- 
kalis; and  from  the  mutual  combination  of  thefc 
two  arifes  a third  clafs,  viz.  that  of  neutral  falts. 

§ CXXXIX.  z\cids  poffcTs  the  following  charac- 
teriftic  properties : 

1.  A peculiar  tafle,  tenned  acid. 

2.  They  change  the  colour  of  blue  vegetable  juices 
red. 

3.  They  readily  combine  with  alkalis,  earths,  and 
metals,  with  which  they  form  neutral  falls. 

J CXL.  Acids,  according  to  the  kingdom  of  na- 
ture, in  which  they  are  moft  commonly  found,  are 
divided  into  mineral,  vegetable,  and  animal. 

CXLI.  The  mineral  acids  with  which  we  are  at 
prefent  acquainted  amount  to  ten;  1.  fulphuric  or 
vitriolic  acid;  2.  nitric  acid;  3.  muriatic  acid;  4. 
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carbonic  acid;  5.  boracic  acid;  6.  fluoric  acid;  7. 
fuccinic  acid;  8.  arfenic  acid;  9.  molybdic  acid; 
10.  tungftic  acid. 

The  vegetable  acids  are  Ukewife  ten : 

1.  acetic  acid  ; 2.  oxalic  acid,  or  acid  of  fugar  ; 3. 
tartareous ; 4.  gallic;  5.  citric;  6.  malic;  7.  ben- 
zoic; 8.  pyroligneous;  9.  pyromucous;  ic.  cam- 
phoric. 

Of  animal  acids  there  are  eight : 

1.  Phofphoric ; 2.  Ia6lic  ; 3.  facholadic ; 4.  formic; 
5.  febacic;  6.  pruflic;  7.  bombic;  8.  lithic. 

§ CXLII.  Formerly,  acids  were  either  confidered 
as  Ample  bodies,  or  various  hypothefes  were  ad- 
vanced refpetling  their  origin  and  compoAtion.  At 
prefent,  however,  it  is  proved  by  experiment,  that 
every  acid  conAfls  of  a peculiar  body,  combined 
with  the  baAs  of  oxygen  gaz,  and  which  has  thence 
received  the  name  of  oxygen.  The  bodies  which 
form  the  other  conflituent  of  acids  are  termed  bafes, 
or  radicals  of  acids,  and  may  be  either  Ample  or  com- 
pound. 

§ CXLIII.  All  acids,  therefore,  arife  either  from 
combuflion  or  oxidation;  and  fuch  bodies  as  form 
acids  daring  thefe  operations  are  denominated  acidi- 
Aable  bafes. 

^ CXLIV.  If  an  acidiAable  baAs  be  perfe6lly  fatu- 
rated  with  oxygen,  the  acid,  thus  produced,  is  faid  to 
be  perfeB ; but  if  the  baAs  predominate,  the  acid  is 
faid  to  be  imperfect.  Modern  Chemifts  diftinguifh 
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the  former  by  the  fyllable  ic^  and  the  latter  by  the 
fyllable  ous',  thus  we  have  the  nitric  and  nitrous  acid, 
acetic  and  acetous  acid,  &c.  Finally,  if  oxygen  be 
combined  with  the  acidifiable  bafis  in  fo  fmall  a pro- 
portion, that  the  compound  body  does  not  indicate 
any  acid  property,  it  is  limply  called  an  oxide, 
i§  C.) 

There  are  fome  cafes  where  an  acid  is  capable  of 
combining  with  an  excefs  of  oxygen,  in  which  cafes 
it  is  faid  to  be  oxygenated.  ' 

{ CXLV.  The  general  properties  of  pure  alkalis 
are : 

1.  That  they  polTefs  a peculiar  cauftic,  or  burning 
tafte,  termed  alkaline. 

2.  That  they  change  the  blue  juices  of  vegetables 
green ; the  yellow  infufion  of  turmerick  brown ; and 
the  red  infufion  of  fernambuck  violet. 

3.  That,  combining  with  acids,  they  form  neutral 
falts. 

} CXLVI.  Alkalis  are  either  fixed,  that  is,  they 
are  not  reduced  to  the  liate  of  gaz  by  the  moll 
intenfe  heat  which  we  can  produce;  or,  they  are 
volatile,  that  is,  the  common  temperature  is  almoll 
fufficient  to  change  their  ftate  of  aggregation.  We 
have  two  of  the  former,  pot-alii,  or  fixed  vegetable 
alkali,  and  foda,  or  fixed  mineral  alkali:  of  the  latter, 
we  are  only  acquainted  with  one,  ammoniac,  or  the 
volatile  alkali. 

§ CXLV  1 1.  Alkalis  are  feldom  pure,  for  they  are 
ufually  combined  with  carbonic  acid;  in  the  form  of 
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neutral  falts.  In  this  hate  they  are  termed  mild, 
common,  or  aerated  alkalis,  to  diftinguifh  them 
from  cauftic  or  pure  alkalis. 

§ CXLVIII.  The  volatile  alkali  is  found  to  be  a 
compound  of  hydrogen  and  nitrogen ; but,  as  to  the 
principles  of  the  fixed  alkalis,  nothing  but  conjec- 
tures have  been  hitherto  advanced ; the  moll  pro- 
bable of  which  is,  that  nitrogen  forms  one  of  their 
conllituent  parts. 

§ CXLIX.  The  charafleriftic  properties  of  neu- 
tral falts  are  : 

1.  A peculiar  tafie,  which  is  neither  acid  nor  al- 
kaline, generally  termed  faline. 

2.  They  do  not  change  the  colour  of  blue  vegetable 
juices. 

^ CL.  Neutral  falts  are  fub-divided  into  genera, 
according  to  their  difi'erent  bafes.  Hence  we  have 
alkaline  falts,  earthly  and  metallic  falts.  The  former 
are  compofed  of  an  acid  and  an  alkali;  but  the  latter 
are  combinations  of  an  acid  with  an  earth  or  a 
metal. 

^ CLL  As  the  neutral  falts  we  have  mentioned 
are  capable  of  containing  oxygen  in  a greater  or  lefs 
proportion,  and  as  under  fuch  circumfiances  they 
will  indicate  properties  very  different,  there  natu- 
rally follows  an  important  divifion.  Modern  Che- 
mifls  diftinguifh  the  former,  or  thofe  containing  the 
greater  proportion  of  oxygen,  by  the  fyllable  ate^ 
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and  the  latter  by  the  fy liable  ite : thus  we  have  ful- 
phates  and  fulphites,  acetates  and  acetites,  &c. 

5 CLII.  There  are  alfo  many  neutral  falts  which 
take  up  a fuperabundant  portion  of  acid  during 
cryftallization.  Thefe  are  termed  acidulous  neu- 
tral falts. 

VIII.  OF  NITRATE  OF  POTASH. 

^ CLIII.  Nitre,  falt-petre,  or  nitrate  of  pot-afh,  is 
a neutral  fait,  formed  by  the  combination  of  a peculiar 
acid  and  pot-afli,  or  the  fixed  vegetable  alkali. 
It  is  found  in  the  fiffures  of  the  lime-ftone  hills,  near 
Molfetta,  in  the  kingdom  of  Naples,  in  various 
waters,  and  even  in  rain;  likewife  in  the  frefli  juices 
of  many  plants,  fuch  as  the  heliotrope,  pellitory, 
tobacco,  and  others.  It  is  produced  fpontaneoully 
wherever  its  alkaline  bafis  is  expofed  to  a free  cur- 
rent of  air,  and  to  the  exhalations  of  putrefcent  vege- 
table and  animal  matter ; as  on  damp  walls,  rubbifh, 
the  ordure  of  fiables^  dung-hills,  &c.  In  Spain, 
the  Eaft-Indies,  and  near  Lima,  it  is  generated  upon 
commons  and  uncultiygted  ground ; nay,  it  is  even 
afferted,  that,  in  the  fo^hern  regions  of  Spain,  falt- 
petre  is  found  in  the  dull  of  the  high-roads. 

^ CLIV.  Nitre  is  employed  at  prefent  for  fo  many 
different  purpofes,  and  in  fuch  great  quantities,  that 
the  nitre,  naturally  formed,  is  by  no  means  adequate 
to  fupply  the  demand.  Hence  it  became  neceffary 
to  confider  the  means  of  increafing  and  accelerating  its 
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prodü6lion.  This  was  effe6led  by  an  artificial  con- 
currence of  the  materials  necefl'ary  for  its  formation; 
and  this  conllitutes  the  principle  upon  which  the  nitre- 
manufaftories  in  different  countries  are  eftabliflied. 

^ CLV.  In  Germany  we  have  adopted  the  follow- 
ing method : we  mix  different  kinds  of  light  earth, 
lime,  marl,  putrefying  and  putrefied  animal  and  ve- 
getable matter,  dung,  rubbifh,  common  afhes,  afhes 
of  foap-manufaftories,  &c.  This  mixture,  which  is 
termed  the  mother-earth,  is  formed  into  pyramids  of 
about  fix  feet  high,  defended  by  a roof  againft  rain 
and  the  beams  of  the  fun,  but  at  the  fame  time  every 
where  expofed  to  a free  current  of  air.  In  this  ftate 
the  heaps  are  continually  kept  moill  by  fprinkling 
water  upon  them ; and  in  the  courfe  of  a year  they 
are  three  or  four  times  removed  ; and  after  the  eartli 
has  been  properly  wrought,  it  is  laid  up  as  before. 
In  a few  months  the  fait  cfllorefces  upon  the  fur- 
face  of  the  heaps;  but  this  formation  of  nitre  ex- 
tends only  to  the  depth  of  a few  inches.  In  about 
three  years,  however,  the  earth  is  fiilficiently  impreg- 
nated with  the  fait  to  pay  for  the  trouble  of  boiling. 

5 CLVI.  The  nitre  obtained  by  the  lixiviation  of 
the  mother-earth  is  by  no  means  pure ; for  the  nitric 
acid,  befide  pot-aOi,  contains  a folution  of  lime,  mag- 
nefia,  and  ammoniac.  The  nitre  is  likewife  mixed 
with  the  falls  produced  by  the  combination  of  the 
muriatic  acid  with  the  alkaline  bafes.  To  feparate 
the  nitre  from  thofe  bodies,  a folution  of  pure  pot- 
afli  in  water  is  added  to  the  lixivium  of  nitre. 
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till  no  further  precipitation  takes  place.  The  lixi- 
vium is  then  filtrated  and  evaporated,  to  obtain  it  in 
the  ftate  of  cryftals  or  crude  nitre.  The  lixivium 
which  remains  is  termed  the  mother  water  of  falt- 
petre  faftories,  and  is  ufed  for  fprinkling  the  heaps 
above-mentioned. 

{ CLVII.  Pot-afh,  on  account  of  its  greater  affi- 
nity for  the  nitric  acid,  difengages  the  ammoniac 
and  the  feveral  earths,  ariü,  by  combining  with  it, 
forms  true  nitre.  On  this  occafion  the  ammoniac 
comes  over  in  the  ftate  of  gaz ; the  precipitate  is  a 
mild  calcareous  earth  mixed  with  a fmall  portion  of 
magnefia,  and  known  by  the  name  of  nitrate  of 
magnefia. 

§ CLVIII.  The  vegetable  alkali  which  is  added 
alfo  decompounds  the  neutral  muriates  formed  at  the 
fame  time  with  the  nitre,  changing  them  into  muriate 
of  pot-affi,  which  cryftallizes  along  with  the  crude 
nitre,  and  remains  in  a ftate  of  mechanical  mixture 
with  it.  To  purify  the  nitre  alfo  from  this  fubftance, 
it  is  thrown  into  a tub,  furniffied  near  the  bottom  with 
a cock.  You  then  affufe  pure  cold  water  nearly  to 
the  height  of  the  nitre,  that  you  may  conveniently 
ftir  it,  which  operation  is  continued  till  the  fait  be- 
gins to  lofe  its  foul  yellow  colour,  when  the  water 
is  drawn  off  by  the  cock.  / The  reafon  is,  that  the 
muriate  of  pot-affi  is  much  more  foluble  in  water 
than  the  nitre.  In  this  operation,  however,  the 
quantity  of  water  ffiould  be  neither  too  great,  nor 
remain  too  long  in  the  veffel ; for,  in  either  cafe, 
we  ffiall  experience  a confiderable  lofs  of  nitre  5 
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and  it  is  for  this  reafon  that  the  nitre  is  never  en- 
tirely feparated. 

§ CLIX.  This  nitre  is  removed  to  another  part  of 
the  manufa6lory  to  be  purified  from  the  fmall  quan- 
tity of  muriate  of  pot-afli  with  which  it  is  mixed, 
as  well  as  from  the  colouring  matter.  For  this 
purpofe  it  is  diffolved  in  water;  the  folution  is  fil- 
trated and  evaporated  in  a copper  vefiel ; and  the 
faline  film,  floating  on  the  lixivium,  is  taken  away,  till 
a fmall  quantity  of  the  hot  liquor,  when  poured  into 
a veffel  and  cooled,  fhoots  into  cryftals,  or  till  fuch 
a time  as  experience  points  out.  The  lixivium  is 
then  gradually  introduced  into  a wooden  veiTel,  and 
fet  afide  to  cryfiallize.  That  part  of  the  lixivium 
which  remains  is  treated  in  the  fame  manner,  either 
by  itfelf,  or  with  a new  portion  of  lixivium,  and 
this  procefs  is  repeated  till  the  lixivium  becomes  at 
length  brown  and  thick,  when  it  is  termed  the  mo- 
ther-water of  the  fecond  boiling. 

§ CLX.  This  purification  of  nitre  depends  upon 
the  different  properties  of  thofe  two  falts  when 
diffolved  in  water;  for  the  nitre  is  diffolved  in 
much  greater  quantities  in  hot  than  cold  water; 
whereas  muriate  of  pot-afli  is  diffolved  in  nearly 
the  fame  quantity,  both  of  hot  and  cold  water ; 
the  nitre  is  not  therefore  affedted  at  the  commence- 
ment of  the  evaporation  of  the  water,  becaufe  the 
lofs  of  w^ater  is  balanced  by  the  increafe  of  heat; 
but  the  muriate  of  pot-afli,  on  the  contrary,  is  greatly 
affected  by  this  lofs,  and  fhoots  into  cryftals  upon 
the  furface  of  the  lixivium.  The  mother-water 
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which  remains  contains,  befide  the  extractive  co- 
louring matter,  a fmall  quantity  of  nitre,  and  a great 
deal  of  muriate  of  pot-afli. 

§ CLXI.  The  nitre  afforded  by  this  depuration, 
though  almoft  entirely  freed  from  the  muriate  of 
pot-afh,  and  the  colouring  matter,  is  Hill  further  to 
be  purified  from  the  laft  extractive  particles,  and 
from  the  fuperabundant  carbonate  of  pot-afh.  To 
this  end  the  nitre  is  again  diffolved  in  water,  which 
folution,  when  poured  into  fmaller  copper  veffels,  is 
heated  to  ebullition.  Some  quick  lime  is  then  thrown 
in,  which  caufes  a pellicle ; this  is  immediately  re- 
moved, and  the  lixivium  is  fuffered  to  cryflallize  in 
the  ufual  manner.  The  quicklime  not  only  combines 
with  the  colouring  matter  which  had  remained,  but 
alfo  produces  caufticity  in  the  carbonate  of  pot-afli, 
or  mild  alkali,  which,  in  that  Hate,  is  no  longer  ca- 
pable of  cryftallizing  with  the  nitre,  and  confequentl)r 
remains  in  the  mother-water.  The  nitre  thus  oh-’ 
tained  is  that  ufed  in  commerce. 

{ CLXII.  As  the  nitre,  ufed  for  chemical  pur- 
pofes,  ought  to  be  perfeClly  pure,  the  following  me- 
thod may  be  employed  for  that  purpofe: — Difiblve 
nitre  of  the  (hops  in  pure  boiling  water,  nearly  to  the 
point  of  faturation  ; {train  the  folution  while  hot, 
and  add  a few  drops  of  cauftic  pot-afh.  If  no  preci- 
pitation takes  place,  the  lixivium  may  be  cryftallized; 
on  the  contrary,  add  pot-afh  till  the ' precipitation 
ceafes.  The  lixivium  is  then  boiled  once  more, 
ftraiued,  and  cryftallized.  The  firfl  cryftals  afford 
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the  pureft  nitre.  The  lixivium  which  remains,  on 
being  evaporated  and  cooled,  depohts  a few  more 
cryftals,  and  what  nitrate  of  pot-afli  the  nitre  may 
have  contained  remains  in  the  iaft  lixivium. 

§ CLXIII.  This  very  pure  nitre  appears  in  the 
form  of  hollow  prifmatic  hexaedral  cryltals,  with  py- 
ramidical  hexaedral  extremities,  which  break  into 
pieces  on  the  application  of  a gentle  heat,  but  remain 
entire  in  tlie  atmofphere.  It  has  a cooling  tafte,  and 
produces  a confiderable  degree  of  cold,  during  its 
folution  in  water.  It  is  foluble  in  feven  parts  of  cold, 
and  one  of  boiling  water.  The  cryftals  fufe  at  a 
moderate  heat,  on  account  of  the  quantity  of  their 
water  of  cryftallization.  If  nitre  be  kept  in  the 
fire  till  its  water  is  nearly  diffipated,  and  be  then 
poured  into  fmall  papers  upon  a hone  table,  we 
obtain  what  is  termed  tabulated  nitre,  which  merely 
ditfers  from  the  former  nitre  in  containing  lefs  water. 

§ CLXIV.  If  the  fufion  of  nitre  be  protrafted  to 
candefcence,  it  will  be  decompofed,  for  its  acid 
efcapes  in  the  form  of  oxygen  and  nitrogen  gazes, 
and  its  caulfic  or  pure  alkali  remains.  If  this  ope- 
ration be  performed  in  a luted  earthen  or  glafs  retort, 
we  fliall  obtain  12000  cubic  inches  of  oxygen  gaz 
from  one  pound  of  nitre,  and  the  oxygen  gaz  will 
contain  but  a very  fmall  quantity  of  nitrogen  gaz. 

§ CL XV.  To  obtain  pure  nitric  acid,  one  part  of 
concentrated  fulphuric  acid  is  added  to  two  parts  of 
nitre.  The  fulphuric  acid  having  a greater  affinity 
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with  pot-afh  than  the  nitric  acid,  the  latter  is  expel- 
led ; and,  becaufe  it  combines  with  caloric,  paffes  olF 
in  the  ftate  of  gaz,  termed  nitrous  acid  gaz.  This 
gaz  may  be  obtained  over  mercury.  It  is  perfeö:ly 
tranfparent,  but  is  readily  abforbed  by  water,  with 
which  it  forms  liquid  nitric  acid.  The  combination 
of  fulphuric  acid  and  pot  alh  produces  a neutral  fait, 
viz.  fulphate  of  pot-afh. 

{ CLXVI.  To  obtain  this  liquid  nitric  acid  in 
greater  quantity  for  chemical  purpofes,  one  part  of 
fulphuric  acid  is  added  to  two,  or  rather  three  parts 
of  the  pureft  nitre,  in  a glafs  retort,  on  the  fand- 
bath,  and  Woulfe’s  bottles,  containing  a cer- 
tain quantity  of  pure  water,  except  the  firft  bottle, 
are  applied.  The  firft  nitrous  acid  gaz  which  comes 
over,  both  fpontaneoufly  and  on  account  of  the 
heat  which  is  gradually  applied,  combines  with 
the  water  of  cryftallization  of  the  nitre,  and  with 
the  water  contained  in  the  fulphuric  acid,  and  is 
colleded  in  the  firft  or  empty  bottle,  in  the  form  of 
a yellow  fuming  liquor,  commonly  called  Glauber’s 
fuming  fpirit  of  nitre.  The  remainder  of  the  nitrous 
acid  gaz,  however,  is  diffolved  in  the  water  of  the 
other  receivers,  and  becomes  nitric  acid. — Laftly, 
we  fhall  find  that  the  retort  contains  a white  faline 
refidue,  viz.  fulphate  of  pot-afh,  which  is  purified 
by  folution  in  water  and  cryftallization. 

§ CLXVI  I.  Nitre  is  decompounded  in  the  fame 
manner  by  fulphate  or  vitriol  of  iron.  Mix  iron 
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with  an  equal  quantity  of  calcined  fulphate  of  iron, 
which  put  into  an  earthen  or  glafs  luted  retort,  and 
proceed  as  before,  except  that  the  heat  may  be  fome- 
what  increafed.  Thus  you  obtain  fuming  fpirit  of 
nitre,  and  a refidue  confiding  of  a mixture  of  ful- 
phate of  pot-afh  and  oxide  of  iron.  On  account  of 
the  greater  affinity  of  the  fulphuric  acid  with  the  pot- 
affi,  both  the  vitriol  and  the  nitre  are  decompofed ; 
for  the  I'ulphuric  acid  combines  with  the  pot-afh,  the 
nitric  acid  efcapes  in  the  form  of  gaz,  and  the  iron  re- 
mains in  the  fame  date  in  which  it  exided  in  the  vitriol, 
viz.  ill  the  date  of  oxide.  It  is  thus  generally 
known  by  the  name  of  colcothar  of  vitriol,  which  is 
ufed  for  polidiing  dee),  See, 

§ CLXVIII.  A decompofition  of  nitre  is  likewife 
effected  by  alumine,  filiceous  earth,  and,  efpecially, 
clay.  If  to  this  end  one  part  of  nitre  be  mixed 
with  two  parts  of  pure  clay  in  powder,  and  didd- 
led in  an  earthen  retort  over  a drong  fire,  fuming 
fpirit  of  nitre  will  pafs  into  the  receiver,  and  a fe- 
inivitrified  fubdance,  produced  by  the  combination 
of  the  clay  with  the  caudic  alkali,  and  generally 
mixed  with  a fmall  portion  of  fulphate  of  pot-afh,  will 
remain  in  the  retort.  The  theory  of  this  procefs  is 
as  yet  obfeure,  and  Chernids  entertain  various  opi^ 
nions  upon  it.  Some  aferibe  the  decompofition  of 
nitre  to  the  fulphuric  acid  contained  in  the  clay; 
others,  apparently  with  more  truth,  explain  it  by  the 
affinity  of  the  clay  for  the  pot-afh  at  this  tempera- 
ture. 
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^ CLXIX.  Fuming  nitrous  acid,  when  mixed  with 
water,  produces  a very  confiderable  degree  of  heat, 
and  at  the  fame  time  a cloud  of  red  vapours  is  emit- 
ted, which,  being  colle0:ed  over  water,  in  the  pneu- 
matic apparatus,  furnifh  a tranfparent  colourlefs  gaz, 
termed  nitrous  gaz.  The  liquor  which  remains  be- 
comes green,  on  the  addition  of  more  water,  blue, 
and,  at  length,  colourlefs.  In  this  hate  it  is  generally 
known  by  the  name  of  Aqua  fortis ; but  its  proper 
name  is  nitric  acid. 

§ CLXX.  The  aqua  fortis  of  the  fhops  is  prepared 
according  to  the  two  latter  methods,  with  this  diffe- 
rence, that  as  much  Water  is  previoufly  introduced 
into  the  receiver  as  may  fufficiently  dilute  the  nitrou» 
acid.  That  which  is  lefs  diluted  with  water  is  called 
double  aqua  fortis. 

§ CLXXI.  Nitric  acids,  efpecially  thofe  obtained 
by  the  two  former  methods,  are  always  mixed  with  a 
fmall  portion  of  fulphuric,  and,  perhaps,  muriatic  acid. 
It  is  cuftomary,  therefore,  in  order  to  have  it  pure,  to 
fe-diftil  it  upon  frefh  nitre.  Experience  has  taught  us, 
however,  that  this  mode  of  purifying  the  nitric  acid 
does  not  fully  anfwer;  for  fome  parts  of  the  fulphuric 
acid  will  always  come  over  at  the  fame  time. 

§ CLXXII.  By  purfuing  the  following  method,  it 
may  be  obtained  perfeBly  free  from  fulphuric  acid : 
a fmall  piece  of  very  pure  filver  is  thrown  into 
the  hot  nitric  acid,  which  immediately  ^ becomes 
turbid,  affumes  a milky  colour,  and  gradually 
depofus  a white  powder.  When  the  acid  recovers 
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Its  limpidity  you  add  another  particle  of  filver,  and 
this  operation  Is  continued  till  the  laft  particle 
thrown  in  leaves  the  acid  perfeftly  clear.  Or  a 
folittion  of  filver,  in  very  pure  nitric  acid,  is  added 
drop  by  drop  to  the  acid  to  be  purified,  till  the  pre- 
cipitation ceafes.  The  filver,  having  a greater  affinity 
for  the  fiilphuric  and  muriatic  acids  than  for  the 
nitric  acid,  combines  with  them,  and  forms  infoluble 
falts.  A white  powder  or  metallic  fait  is,  therefore, 
always  formed  and  «precipitated,  as  long  as  the  leaft 
quantity  of  either  of  thofe  acids  is  prefent.  At  length, 
the  acid  is  poured  off  from  the  precipitated  powder, 
and  you  obtain  pure  aqua  fortis,  ufed  by  refiners  to 
feparate  gold  from  filver.  For  chemical  purpofes, 
it  ought,  moreover,  to  be  freed  from  the  nitrate  of 
filver  which  it  contains.  This  is  effefled  by  flow  dif- 
tillation,  but  not  continued  to  drynefs,  for  a fmall 
quantity  of  the  liquor  ffiould  be  left  in  the  retort,  left 
fome  of  the  nitrate  of  filver  be  carried  over  into  the 
receiver. 

§ CLXXIII.  Fuming  fpirit  of  nitre  inftantly  dif- 
folves  ice  and  fnow,  caufing  a confiderable  diminu- 
tion of  temperature.  Pure  nitric  acid  is  never  feen 
in  a folid  form ; but  aqua  fortis,  whofe  fpecific  gra- 
vity was  418,  has  been  frozen  in  a temperature  of 
of  Fahrenheit’s  thermometer. 

§ CLXXIV.  Fuming  fpirit  of  nitre  combines  with 
almoft  all  etherial,  fat,  and  empyreumatic  oils,  and 
forms  a tenacious  fubrefinous  fubftance,  which  has 
more  or  lefs  the  odour  of  mulk.  This  combination 
takes  place  in  an  inftantj  and  is  always  attended  by 
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a difengagement  of  nitrous  gaz,  and  of  fuch  a quan- 
ihy  of  caloric  as  oftentimes  to  caufe  a fudden  in- 
flammation, efpecially  witb  etherial  oils  heavier  than 
water.  When  combined  with  empyreumatic  oils, 
extraBed  from  heavy  wood,  for  inftance,  guaiacum, 
we  obtain  a light  and  porous  mafs,  called  Fungus  phi- 
lofophicus.  Thefe  inflammations  will  fucceed  the 
better  if  the  fpirit  of  nitre  be  mixed  with  a fmall 
portion  of  fulphuric  acid. 

§ CLXXV.  The  aBion  of  the  nitric  acid  upon 
metals  always  produces  nitrous  gaz.  On  this  occa- 
fion  the  nitric  acid  is  decompofed;  part  of  its  oxygen, 
combining  with  the  metals,  forms  metallic  oxides, 
which  are  either  diflblved  in  the  remaining  nitric 
acid,  or  precipitated ; and  the  acid  which  remains, 
being  thus  in  a great  meafure  deprived  of  its  oxygen, 
becomes  nitrous  gaz,  which  is,  therefore,  a true  oxide 
of  the  bafis  of  the  nitric  acid. 

{ CLXXVI.  Whenever  acidifiable  bafes  of  either 
of  the  three  kingdoms  are  treated  with  nitric  acid, 
a fimilar  decompofition  takes  place.  A great  quan- 
tity of  nitrous  gaz  is  always  developed,  and  thofe 
bafes,  by  combining  with  oxygen,  form  new  acids, 
or  at  leail  oxides. 

{CLXXVII.  The  nitrous  gaz  obtained  by  the 
preceding  methods  has  the  following  properties : 

1.  Its  fpecific  gravity  to  that  of  atmofpheric  air  is 
1.195  ; 1000.  A cubic  inch*  weighs  0.54690  parts 

* I think  it  proper  to  obferve  that  the  Author  on  this,  and  all 
other  occalions,  had  ufed  French  weight  and  meafure.  T. 

F 3 


70 

of  a grain ; it  is  totally  unfit  for  animal  refpiration 
and  combuftion;  it  is  not  diflblved  in  waterj  nor  does 
it  indicate  the  lead  property  of  an  acid. 

2.  The  mixture  of  one  part  of  nitrous  gaz,  and 
four  parts  of  oxygen  gaz,  produces  red  vapours;  be- 
caufe  the  bafes  of  each  gaz  mutually  combine}  and 
form  nitrous  acid;  and  the  fuperabundant  caloric 
efcapes  in  the  ftate  of  fenfible  heat.  If  this  operation 
be  infiituted  over  mercury,  the  nitric  acid  recently 
formed  will  remain  upon  its  furface  in  the  form  of 
nitrous  acid  gaz ; but,  if  made  over  water,  it  i&  im- 
mediately abforbed  by  it. 

§ CLXXVIII.  As  azotic  gaz  does  not  combine 
with  nitrous  gaz,  but  remains  behind,  when  mixed 
with  it,  as  in  the  preceding  experiment.  Dr.  Prieftly 
employed  nitrous  gaz  with  fuccefs  for  afcertaining  the 
proportionate  quantity  of  oxygen  gaz  in  atmof- 
pheric  air.  To  this  end,  equal  parts  of  nitrous 
gaz  and  of  atmofpheric  air  are  mixed  over  water, 
and  the  greater  or  lels  diminution  of  volume 
of  the  gazes  determines  the  relative  quality  of  the 
air  examined.  But,  in  order  that  thofe  experiments 
may  always  lead  to  the  fame  refults,  they  ought  to 
be  infiituted  by  means  of  an  inftrument  invented  for 
that  purpofe  by  the  celebrated  Fontana,  termed  Fon- 
tana’s eudiometer.  The  application  of  this  inftrument 
requires,  however,  great  nicety. 

§ CLXXIX.  Nitric  acid  confifis,  therefore,  of  the 
bafis  of  nitrous  gaz  and  of  oxygen ; and,  accord- 
ing to  Lavoifier,  ico  parts  of  nitric  acid  confill  of  64 
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parts  of  the  bafis  of  nitrous  gaz',  and  36  of  oxygen, 
But  even  the  bafis  of  nitrous  gaz  is  an  oxide,  being 
compofed  of  oxygen  and  a particular  bafis,  nitrogen, 
which  will  be  demonftrated  by  the  following  experi- 
ments. 

§ CLXXX.  Mix  7 parts  of  oxygen  gaz,  by  mea- 
fure,  with  3 parts,  of  nitrogen  gaz,  in  a glafs  tube, 
over  water,  and  pafs  a continued  ftream  of  eleftric 
fparks  through  it.  After  fome  time  we  perceive  that 
the  gazes  diminifli,  and  are  entirely  abforbed  by  the 
water,  which,  being  then  examined,  is  found  to  con- 
tain nitric  acid.  The  bafes  of  thofe  gazes,  therefore,, 
mutually  combine,  and  form  nitric  acid. 

$ CLXXXI.  If  a pyrophorus  or  a fmall  portion 
of  fulphuret  of  alkali  be  put  into  a velfel  filled 
with  nitrous  gaz,  the  gaz  is  gradually  diminiflied, 
and  at  length  pure  nitrogen  gaz  remains.  In  this 
cafe  the  oxygen  of  the  nitrous  gaz  combines  with  the 
inflammable  body,  and  thus  the  nitrogen  gaz  is  left 
in  a free  ftate. 

§ CLXXXII.  From  thefe  two  experiments  chiefly, 
and  a great  number  of  others  more  complex,  it 
is  evident  that  azot,  or  nitrogen,  conftitutes  the  bafis 
of  nitric  acid,  which  obtains  its  acid  property  from 
its  combination  with  oxygen.  It  appears  from  the 
experiments  of  Meffrs.  Lavoifier  and  Cavendifh,  that 
20^  parts  of  pitrogen,  combined  with  43-I  parts  of 
oxygen,  form  nitrous  gaz,  which,  when  fuperadded 
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with  36  parts  of  oxygen,  forms  nitric  acid;  but,  if 
only  half  that  portion  be  added,  nitrous  acid. 

§ CLXXXIII.  The  fuming  fpirit  of  nitre  which 
we  have  acquired  by  the  former  procefTes  is  nitrous 
acid.  If  this  be  heated  in  a glafs  vefl'el  till  red  va- 
pours are  no  longer  emitted,  nitric  acid  will  be  ob- 
tained. Upon  the  fame  principle,  nitrous  gaz  is 
expelled  on  mixing  fuming  fpirit  of  nitre  with  water, 
and  though  the  remaining  acid  be  diluted,  yet  it  is 
true  nitric  acid. 

§ CLXXXIV.  From  this  knowledge  of  the  prin- 
ciples of  nitric  acid,  it  is  evident : 

1.  How  nitric  acid  may  be  formed  both  in  the  at- 
mofphere,  and  in  the  cafes  adduced,  (f  CLIII.  CLIV. 
CLV.)  For  wherever  the  atmofphere  contains  a con- 
fiderable  portion  of  nitrogen  gaz,  there  nitric  acid 
can  be  produced,  provided  thofe  circumftances  occur 
which  are  required  for  the  combination  of  nitrogen 
and  oxygen. 

2.  Why  (f  CLXV.)  oxygen  and  nitrogen  gazes  are 
formed  when  nitre,  or  its  acid,  is  decompounded  by 
lire  alone. 

§ CLXXXV.  If  nitre  be  treated  with  inflamma- 
ble bodies  in  a fire  fufficiently  ftrong  to  ignite  it,  its 
acid  will  be  decompounded,  for  the  oxygen  com- 
bines with  the  inflammable  body,  and  forms  a new 
acid,  which,  combining  with  the  pot-afli,  produces 
a new  neutral  fait.  The  nitrogen  comes  over  either 
in  the  form  of  nitrogen  gaz,  or,  being  ilill  united  to 
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a fmall  portion  of  oxygen,  as  nitrous  gaz.  This 
operation  is  always  produftive  of  much  heat  and  light, 
and  is  termed  detonation, 

J CLXXXVI.  Hence,  if,  to  a fmall  portion  of  nitre 
filled  in  a crucible,  powdered  charcoal  be  added 
till  detonation  ceafes,  carbonate  of  pot-afh  will 
be  obtained,  which  may  be  purified  from  the  earthy- 
particles  of  the  charcoal  by  walhing.  This  fubftance 
was  formerly  termed  fixed  nitre,  and,  when  diflblved 
in  water,  liquid  fixed  nitre,  or  Glauber’s  univerfal 
alkaheft.  If  the  detonation  be  elfeded  in  clofed  vef- 
fels,  a fmall  quantity  of  liquor  will  run  into  the  re- 
ceiver, which,  for  the  moft  part,  is  nothing  but  water; 
not  unfrequently,  however,  it  is  alfo  impregnated  with 
nitrous  acid,  and,  fometimes,  a fmall  portion  of  ammb- 
niac.  This  is  called  Clylfus  of  nitre.  On  this  occa- 
fion  the  oxygen  of  the  nitric  acid  combines  with  the 
carbon,  and  forms  carbonic  acid,  which  unites  in  part 
with  the  pot-alh,  forming  carbonate  of  pot-alli. 

$ CLX XXVII.  Nitre  may  not  only,  as  is  obvious 
from  the  preceding  experiments,  be  refolved  into  its 
conllituent  parts,  but  may  be  regenerated  by  their 
union.  If,  to  the  point  of  faturation,  pure  nitric  acid 
be  added  to  an  aqueous  folution  of  pure  pot-afh,  and 
the  liquor  be  then  evaporated,  cryftals  of  the  pureft 
nitre,  generally  termed  regenerated  nitre,  will  be  ob- 
tained. From  this  experiment  it  is  evident,  that  loo 
parts  of  nitric  acid,  free  from  water,  require  215  parts 
of  pure  pot-afh  for  faturation;  and  that  loo  parts  of 
the  cryftals  of  nitre  are  compofed  of  30  parts  of 
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pure  acid,  63  of  pot-afh,  and  7 of  water  of  cryflal- 
iization. 

§ CLXXXVIII-  If,  in  the  former  experiment, 
fome  part  of  the  pot-afh  fhould  not  be  faturated,  it 
will  remain  in  the  lixivium  after  cryftallization  has 
taken  place.  On  the  other  hand,  if  the  nitric  acid 
fliould  be  alFufed  beyond  the  point  of  faturation,  in 
that  cafe  it  will  unite  with  the  cryftals,  and  form  an 
acidulous  neutral  fait,  called  acidulous  nitrate  of  pot- 
afh,  and  formerly  nitrated  nitre. 

§ CLXXXIX.  The  properties  of  nitre,  hitherto 
mentioned,  refer  more  efpecially  to  that  fpecies  of 
neutral  falts  which  is  compofed  of  the  nitric  acidj 
and  diftinguifhed  by  the  name  of  nitrate  of  pot-afh ; 
for  we  are  as  yet  but  imperfectly  acquainted  with 
that  nitre  which  contains  nitrous  acid.  We  obtain 
it  if  the  operation  (^CLXIII.)  be  dif continued  too 
foon,  or  be  carried  on  too  long  (J  CLXIV.)  The 
affinities  of  the  nitrous  acid  are  regulated  by  peculiar 
laws ; thus,  for  example,  nitrite  of  pot-afh  is  de- 
compounded by  the  acetic  acid,  though  its  affinity 
for  pot-afh  be  in  other  refpeCls  inferior  to  that  of  the 
nitric  acid. 

IX.  OF  NITRATE  OF  SODA. 

^ CXC.  From  the  combination  of  the  nitric  acid 
and  the  mineral  alkali,  or  foda,  there  arifes  a neutral 
fait,  which,  on  account  of  the  figure  of  its  cryftals, 
has  obtained  the  name  of  cubic,  or,  more  properly, 
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of  rhomboidal  nitre.  Bergmann  diftinguifhes  it  by  the 
name  of  nitrated  foda,  and  modern  Chemifts  by  that 
of  nitrate  of  foda.  It  has  not  hitherto  been  found  in 
a native  Hate,  but  is  always  produced,  either  dire6lly 
or  indirectly,  by  the  artificial  combination  of  its 
conftituent  parts. 

} CXCI.  One  hundred  parts  of  pure  nitric  acid 
require  165  parts  of  foda  for  complete  faturation,  and 
100  parts  of,  cryftallized  nitrate  of  foda  contain  29 
parts  of  acid,  50  of  foda,  and  21  parts  of  water  of 
cryftallization. 


§ CXCI  I.  The  cryftals  of  this  fait  are  oblique 
cubes.  Its  tafte  is  cooling,  and  more  bitter  than  that 
of  nitrate  of  pot-afh.  It  requires  two  parts  of  Vater 
for  folution,  and  both  cold  and  boiling  water  diflblve 
it  in  an  almoft  equal  proportion.  It  detonates  with 
inflammable  bodies,  and,  in  its  other  properties^ 
refembles  nitrate  of  pot*afli. 


X.  OF  NITRATE  OF  AMMONIAC. 

§ CXCIII.  The  combination  of  the  nitric  acid 
and  ammoniac,  or  the  volatile  alkali,  produces  a 
neutral  fait  called  nitrate  of  ammoniac,  nitrated  am- 
moniac, See»  It  is  generated  fpontaneoufly  in  the 
mother-earth  of  falt-petre  manufactories,  though  but 
in  fmall  quantities.  In  general  it  owes  its  formation, 
either  direCUy  or  indireCUy,  to  the  artificial  union  of 
its  conflituent  parts* 
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§ CXCIV.  One  hundred  parts  of  nitric  acid,  de- 
prived of  water,  are  completely  faturated  with  87 
parts  of  pure  ammoniac,  and  100  parts  of  nitrate  of 
ammoniac,  contain  46  parts  acid,  40  ammoniac^  and 
14  parts  of  water  of  cryftallization. 

j CXCV.  If  nitrous  acid  gaz  come  into  contafl 
with  ammoniacal  gaz,  the  two  gazes  inftantly  com- 
bine and  form  a folid  body,  which  is  nitrate  of  am- 
moniac. But,  to  obtain  this  fait  in  greater  quantity, 
pure  ammoniac  is  faturated  with  nitric  acid,  after 
which  the  lixivium  is  evaporated  and  cryftallized. 

§ CXCVI.  Nitrate  of  ammoniac  appears  in  beau- 
tiful acicular  cryllals,  which  are  fomewhat  flexible, 
and  have  a cooling  but  very  acrid  tafle.  It  is 
readily  diflblved  in  alcohol  and  cold  water,  but 
ftill  more  fo  in  hot  water,  of  which  it  requires 
but  half  its  weight.  If  the  v/ater  be  cool,  a fenfible 
degree  of  cold  will  be  produced.  It  readily  diflblves 
ice,  and,  on  this  occalion,  the  temperature  of  the  fur- 
rounding bodies  is  confiderably  diminiflied. 

§ CXCVI  I.  This  fait,  on  expofure  to  fire,  firfl 
fufes,  and  lofes  its  water  of  cryftallization;  after- 
wards it  detonates  without  the  addition  of  any  in- 
flammable body.  The  refult  of  this  detonation  is 
water  and  nitrogen  gaz,  for  both  the  acid  and  am- 
moniac are  decompofed,  the  oxygen  of  the  former, 
combining  with  the  hydrogen  of  the  latter,  forms 
water,  whilft  the  nitrogen  of  both  bodies  is  diflipated 
in  the  flate  of  gaz.  ' 
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XL  OF  MURIATE  OF  SODA, 

§ CXCVIII.  Muriate  of  foda,  muriated  foda, 
common  or  culinary  fait,  is  a neutral  fait  which  con- 
fifts  of  a peculiar  acid  and  foda  or  the  fixed  mineral 
alkali.  It  has  received  various  denominations,  ac- 
cording to  the  ftate  in  which  it  is  found  in  nature; 
thus  we  have  Salgem,  or  rock  fak,  which  is  digged 
out  of  the  earth  in  folid  maffes;  Bay  fait,  formed 
by  the  evaporation  of  fea-water,  and  River-falt,  ob- 
tained from  fak  fprings. 

5 CXCIX.  But  none  of  thefe  falls  is  pure,  they 
are  always  mixed  with  fome  heterogeneous  parts; 
thus  rock-falt  contains  gypfum,  bay  fak  a gJieat 
deal  of  muriate  of  magnefia,  and  river- fak  frequently 
both.  Sometimes  they  contain  by  accident  bitter 
fait,  alum,  ammoniacal  fak,  &c.  That  which  is 
ufed  at  Vienna  is  originally  rock-falt,  which  has 
been  changed  into  river-falt  by  art.  It  contains 
gypfum  and  fulphate  of  foda,  but  no  magnefia. 

§ CC.  The  fait  compofed  of  magnefia  and  the 
muriatic  acid  does  not  cryftallize ; therefore,  during 
the  evaporation  of  river  and  fea  water,  it  remains  in 
the  laft  mother-water,  which  is  now  no  longer  fit 
for  boiling.  We  generally  make  ufe  of  ammoniac 
to  precipitate  the  magnefia,  which  is  thus  obtained 
pure,  and  fit  for  medical  purpofes ; and  the  ammo- 
niac is  difengaged  by  the  fubfequent  evaporation  of 
the  lixivium. 
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§ CCI.  Common  fait  is  purißed  in  the  following 
manner  for  chemical  purpofes : diffolve  it  in  diftillcd 
water,  filtrate  the  lixivium,  and  add  an  aqueous  folu- 
tion  of  pure  foda,  till  precipitation  ceafes.  The  lie, 
being  filtrated  a fecond  time,  muft  be  evaporated 
to  a certain  degree,  and  cooled.  Should  cryftals 
of  fulphate  of  foda  be  depofited,  the  lixivium  ought 
to  be  poured  off,  and  cryftallized  by  flow  evapo- 
ration. 

.The  muriate  of  magnefia,  as  well  as  the  gypfum, 
are  decompounded  by  the  foda.  The  magnefia  and 
the  lime  fall  to  the  bottom  of  the  veffel,  and  common 
fait  and  fulphate  of  foda  are  formed.  The  latter, 
on  cooling  the  lixivium,  flioots  into  cryftals;  but  the 
common  fait,  which  is  equally  foluble  in  hot  and 
cold  water,  is  only  cryftallized  by  protrabled  evapo- 
ration. 

{ CCI  I.  The  cryftals  of  common  fait  are  regular 
cubes,  which  colleBively  form  an  aggregation  of 
fteps  not  unlike  a ladder,  and  reprefent  hollow 
quadrangular  pyramids.  Its  peculiar  tafte  is  well 
known.  It  may  be  readily  diflblved  in  three  parts 
and  a half  of  either  hot  or  cold  water,  but  the  folu- 
tion  is  more  rapid  in  the  former.  It  becomes  dry  in 
the  atmofphere,  but  undergoes  no  change  in  confe- 
quence. 

5 CCIII.  If  common  fait  be  fuddenly  expofed  to 
a great  heat,  it  breaks  with  a crackling  noife,  which 
phenomenon  is  termed  decrepitation ; afterwards  it  be- 
comes v/hite,  and  fufes,  but  fuffers  no  further  change.  If 
the  heat  be  intenfe^  it  becomes  perfeBly  volatile. 
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§ CCIV.  The  falphuric  acid,  on  account  of  its 
greater  affinity  for  foda,  decompounds(  common 
fait.  Hence,  if  one  part  of  concentrated ^tripiiuric 
acid  be  added  to  two  parts  of  common  fait,  previ- 
oufly  dried,  the  fulphuric  acid  will  combine  with  the 
foda,  and  produce  a new  neutral  fait,  viz.  fulphate 
of  foda,  whilft  the  muriatic  acid,  thus  difengaged, 
efcapes  in  the  ftate  of  gaz.  If  this  operation  be 
made  in  the  hydrargyropneumatic  apparatus,  we  ffiall 
obtain  muriatic  acid  gaz,  which,  being  quickly  ab- 
forbed  by  the  water,  conftitutes  liquid  muriatic  acid. 

} CCV.  To  acquire  this  liquid  muriatic  acid  in 
greater  abundance,  you  affufe  one  part  of  concen- 
trated fulphuric  acid  upon  two  parts  of  decrepitated 
fait,  in  a glafs  retort,  on  the  fand  bath,  and  apply 
Woulfe’s  apparatus,  containing  one-fourth  part 
water.  On  the  application  of  a gentle  heat,  muriatic 
acid  gaz  comes  over,  and  is  entirely  abforbed  by  the 
water,  caufing  a confiderable  increafe  of  tempera- 
ture, and  after  the  operation  is  finiffied,  we  have  very 
concentrated  and  pure  muriatic  acid  in  the  receivers, 
and  fulphate  of  foda  in  the  retort. 

} CCVI.  Common  fait  is  alfo  decompounded  by 
fulphate  of  iron;  but,  as  the  muriatic  acid,  which  is 
difengaged,  diffolves  the  oxide  of  iron,  it  is  always 
mixed  with  fome  particles  of  the  latter,  and  this  me- 
thod is,  therefore,  feldom  ufed, 

§ CCVII.  Commoafalt  is  not  decompounded  by 
filex,  and  by  clay  only  in  a flight  degree.  The  latter 
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IS5  however,  readily  fufed  when  mixed  with  common 
fait,  which  is  therefore  made  ufe  of  for  the  fuperficiai 
glazing  of  earthen  ware.  For  the  fame  reafon  com- 
mon fait  is  added  to  glafs  that  it  may  fufe  the  better, 

§ CCVIII.  The  nitric  acid  has  a greater  affinity 
for  foda  than  the  muriatic  acid,  whence  it  decom- 
pofes  common  fait;  but,  on  account  of  its  volatility, 
it  paffes  into  the  receiver  with  the  muriatic  acid,  which, 
befides,  undergoes  another  remarkable  change  during 
this  operation.  (J  CCXXIV.) 

5 CCIX.  The  muriatic  acid,  obtained  in  this  man- 
ner, is  perfe8:ly  colourlefs.  It  emits  white  vapours, 
which,  when  abforbed  by  water,  conftitute  the  former 
muriatic  acid.  It  has  a peculiar  fuffocating  fmell.  Its 
fpecific  gravity  is  lefs  than  that  of  nitric  acid. 

5 CCX.  One  hundred  parts  of  muriatic  acid,  de- 
prived of  water,  are  faturated  with  156  parts  of  foda, 
and  thus  common  fait  is  recompofed.  One  hundred 
parts  of  this  dried  and  cryftallized  fait  confift  of  33 
parts  acid,  50  parts  foda,  and  17  parts  of  water  of 
cryflallization. 

§ CCXI.  Notwithftanding  the  great  improvements 
in  modern  chemiftry,  we  are  as  yet  perfectly  ■ unac- 
quainted with  the  conftituent  parts  of  the  muriatic 
acid,  and  we  merely  conclude  from  analogy,  that  the 
muriatic,  like  other  acids,  is  compofed  of  oxygen, 
and  a peculiar  bafis,  at  prefent  unknown. 
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{ CCXIL  Although  the  muriatic  acid,  obtained 
by  the  procefTes  before  mentioned,  be  always  perfeQly 
faturated  Y/ith  oxygen,  yet  it  can  take  up  a ftiil  further 
portion  of  it,  and  thus  acquire  very  fingular  proper- 
ties. This  is  effefled  by  bringing  fuch  bodies  into 
contad  with  it  as  contain  a large  portion  of  oxygen, 
but  whofe  affinity  with  oxygen  is  lefs  than  that  of  the 
muriatic  acid.  Such  bodies  are  certain  metallic 
oxides. 

^ CCXIII.  For  this  purpofe,  take  one  part  of  the 
native  oxide  of  manganefe,  commonly,  termed  man- 
ganefe  of  glafs-houfes,  red  precipitate  of  mercury, 
or  red  lead,  put  it  into  a glafs  retort,  and  add  four 
parts  of  concentrated  muriatic  acid.  This  being 
diftilled,  you  obtain  a very  confiderable  quantity  of 
a yellow  aeriform  fluid,  which  is^  oxygenated  muriatic 
acid  gaz;  and,  by  agitating  it  with  water,  it  combines 
and  forms  oxygenated  muriatic  acid.  In  this  cafe, 
one  part  of  the  muriatic  acid  unites  with  the  manga- 
nefe, and  becomes  muriate  of  manganefe,  whofe  oxy- 
gen, being  partly  difengaged,  combines  with  the 
other  part  of  the  muriatic  acid,  which  is  thus  oxy- 
genated. 

§ CCXIV.  Oxygenated  muriatic  acid  gaz  has  a 
yellow  tranfpareiit  colour,  and  poffefles  a peculiar 
and  fuffbeating  fmell.  It  extinguifhes  bodies  in- 
flamed, and,  of  all  the  gazes  with  which  we  are  ac- 
quainted, it  is  the  molt  noxious  to  the  lungs. 

§ eexv.  All  vegetable,  andmoft  animal,  bodies, 
on  being  immerfed  in  it,  inftantly  lofe  their  colour. 
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and  are  bleached.  In  this  cafe  the  gaz  is  deprived 
of  its  oxygen,  and  becomes  common  muriatic  acid 
gaz. 

§ CCXVI.  Phofphorous  and  carbon  are  immedi- 
ately inflamed  in  it,  and  changed  into  phofphoric  and 
carbonic  acids.  Antimony,  bifmuth,  and  feveral 
other  metals,  are  oxidifled  in  it  in  an  inftant,  when 
the  temperature  frequently  approaches  to  candef- 
ccnce. 

5 CCXVII.  To  obtain  the,  oxygenated  muriatic 
acid  in  a liquid  ftate,  its  gaz  is  pafled  through  water 
by  means  of  Woulfe’s  apparatus,  the  receivers  of 
which  are  cooled  by  ice.  As  foon  as  the  water  is  in 
a great  meafure  faturated  with  the  gaz,  cryftals  of  the 
oxygenated  muriatic  acid  are  formed;  but,  on  the 
application  of  a gentle  heat,  thefe  cryftals  melt,  and 
again  become  oxygenated  muriatic  acid. 

§ CCXVIII.  This  oxygenated  acid  is  of  a yellow 
colour;  it  has  a peculiar  bitter  tafte,  and  emits  con- 
ftantly  a cloud  of  {uffocating  vapours.  On  being 
expofed  to  liglit,  it  parts  with  its  oxygen  gaz,  and 
common  muriatic  gaz  remains.  As  this  difengage- 
ment  of  oxygen  gaz  is  in  a direcl  ratio  of  the  quan- 
tity of  light,  the  celebrated  Sauffure  has  employed 
the  oxy -muriatic  acid  as  a photometer. 

5 CCXIX.  All  vegetable  bodies,  when  immerfed 
in  the  oxygenated  muriatic  acid,  are  iiiftantly  de- 
prived of  their  colour,  and  become  white;  and 


therefore  this  acid  has  been  fuccefsfully  employed  for 
the  bleaching  of  linen,  cotton,  and  wax. 

5 CCXX.  If  the  oxygenated  muriatic  acid  gaz  be 
caufed  to  pafs  through  a folution  of  cauftic  pot-afli, 
we  obtain,  befides  common  muriate  of  pot-afh,  a 
neutral  fait,  which  confifts  of  the  oxygenated  muriatic 
acid  and  pot-afh,  termed  oxygenated  muriate  of 
pot-afli. 

§ CCXX  I.  This  neutral  fait  has  bright,  hexae- 
dral,  or  rhomboidal  cryftals,  which  are  formed  during 
the  cooling  of  the  lixivium,  and  may  therefore  be 
feparated  from  the  common  muriate  of  pot-afh.  Its 
tafte  is  cooling,  and  by  friction  in  the  dark  it  is  phof- 
phorefcent.  On  the  conta6i:  of  inflammable  bodies 
it  detonates  more  violently  than  nitre;  and,  on  being 
heated  to  candefcence,  it  affords  very  pure  oxygen 
gaz,  com.mon  muriate  of  pot-afh  remaining  behind. 

§ CCXX II.  The  oxygenated  muriatic  acid  com- 
bines in  the  fame  manner  with  foda,  but  the  neutral 
fait,  thus  formed,  does  not  readily  fhoot  into  cryffals. 
It  becomes  moifl  in  the  atmofphere,  and  diffolves  in 
fpirit  of  wine. 

§ CCXXIII.  Oxygenated  muriatic  acid,  when 
mixed  with  ammoniac,  produces  a great  effervef- 
cence.  In  this  cafe,  however,  no  neutral  fait  is 
formed,  but  the  ammoniac  is  decompounded,  its  hy- 
drogen combines  with  the  fuperabundant  oxygen  of 


G 2 


84 

the  acid,  and  forms  water ; the  nitrogen  paffes  off  in 
the  ftate  of  gaz,  and  common  muriatic  acid  is  left 
behind.  If  thefe  two  bodies  be  mixed  in  the  ftate 
of  gaz,  the  operation  is  attended  with  detonation  and 
inflammation. 

§ CCXXIV.  If  two  parts  of  pure  nitric  acid  be 
mixed  with  one  part  of  common  muriatic  acid,  the 
mixture  wdll  become  hot,  afllime  a yellow  colour, 
and  emit  vapours,  the  fmell  of  which  refembles  that 
of  oxygenated  muriatic  acid.  This  liquor,  on  ac- 
count of  its  property  of  diffolving  gold,  has  received 
the  name  of  aqua  regia.  It  differs  in  its  properties 
from  both  the  acids  employed, 

§ CCXXY.  During  the  preceding  operation,,  a 
portion  of  the  nitric  acid  is  decompounded ; its  oxy- 
gen combines  with  the  muriatic  acid,  and  forms  oxy- 
genated muriatic  acid;  and  the  nitrous  gaz  partly 
cfcapcs,  and  partly  remains  in  folution.  As  the  pro- 
portion of  each  acid  cannot  be  accurately  deter- 
mined, fome  part  of  the  nitric  acid  generally  re- 
mains undecompouiided.  Aqua  regia,  therefore, 
confifts  of  oxygenated  muriatic  acid  and  of  nitrous 
acid. 

• ^ CCXXVI.  The  fpecific  gravity  of  the  oxy-mu- 
riatic  acid,  or  aqua  regia,  is  lefs  than  that  of  the  acids 
employed;  its  colour  is  yellow;  it  emits  oxygen  gaz 
when  expofed  to  light,  and,  on  the  application  of  a 
gentle  heat,  oxygenated  muriatic  acid  gaz. 
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§ CCXXVII.  Aqua  regia  is  likewife  obtained  by 
adding  one  part  of  fal  ammoniac,  or  one  part  of  com- 
mon fait,  to  four  parts  of  nitric  acid  ; the  two  neutral 
falts  are  thus  decompounded  by  the  nitric  acid, 
which  enters  into  a ftate  of  union  with  their  alkaline 
bafes,  and  forms  either  nitrate  of  ammoniac,  or 
nitrate  of  foda.  The  muriatic  acid  difengaged  then 
decompounds  the  remainder  of  the  nitric  acid,  and 
forms  aqua  regia,  which,  in  this  cafe,  is  always 
mixed,  in  fome  degree,  with  either  of  the  neutral 
falts  above-mentioned. 

XII.  OF  MURIATE  OF  POTASH. 

} CCX XVIII.  Muriate  of  pot-afli,  muriated  pot- 
afli,  digeftive,  or  febrifuge  fait  of  Sylvius,  is  a neu- 
tral fait,  compofed  of  the  muriatic  acid  and  pot-afh. 
It  is  found  in  its  native  ftate  in  fea-water;  in  the 
mother-earth  of  nitre -manufaftories ; in  various  falt- 
fprings,  and  in  moft  animal  humours,  though  in  fmall 
quantities.  It  is  produced  artificially  either  by  a 
direH  combination,  or  by  the  decompofition  of  com- 
mon fait  and  fal  ammoniac  by  pot-afli. 

5 CCXXIX.  This  fait  has  rhomboidal,  or  o6lae- 
dral  cryftals.  It  decrepitates  when  expofed  to  fire  s 
but  undergoes  no  alteration  in  the  air:  in  other 
refpeds  it  refembles  common  fait,  except  that  its 
tafte  is  more  penetrating.  It  requires  two  parts  of 
cold  water  for  folution,  and  rather  a fmaller  quantity 
if  hot. 

G 3 


86 


§ CCXXX.  One  hundred  parts  of  muriatic  acid, 
deprived  of  water,  are  completely  faturated  by  215 
parts  of  pot-afli;  and  100  parts  of  this  cryftallized 
lalt  contain  30  parts  acid,  63  parts  pot-alli,  and  y 
parts  of  water  of  cryftallization. 

XIII.  OF  MURIATE  OF  AMMONIAC. 

§CCXXXl,  Muriate  of  ammoniac,  muriated  am- 
moniac, fal  ammoniac,  is  a neutral  fait,  compofed 
of  the  muriatic  acid  and  ammoniac,  or  the  volatile 
alkali.  It  is  found  ready  formed  near  the  craters  of 
volcanos,  and  in  Tartary.  It  is  produced  artificially 
either  by  a direft  or  indiredl  combination  of  its  con- 
flituent  parts.  In  Egypt  it  is  prepared  in  great  abun- 
dance by  fubliming  the  foot  obtained  from  the  com- 
bultion  of  animal  excrements. 

5 CCXXXII.  The  htl  ammoniac  of  the  fiiops, 
efpecially  that  which  is  brought  to  us  from  Egypt», 
ought  to  be  purified  again  before  it  is  employed  for 
chemical  purpofes.  This  is  efFcffed  in  two  ways ; 
by  folution  in  water,  filtration,  and  cryftaliization,  or 
by  fublimation.  It  affords,  by  the  firft  method, 
flexible  hexaedral  acicular  cryflals;  but,  by  the 
fecond,  a faline  mafs,  more  or  lefs  folid  and  femi- 
tranfparent,  in  Vvhich  we  fometimes  meet  with  cryf- 
tals  of  a cubic  form,  called  flowers  of  fal  ammoniac. 

J CCX XXIII.  The  tafte  of  fal  ammoniac  is 
fimilar  to  that  of  common  fait,  but  fomewhat  more 
acid.  Its  chryflals  remain  unchanged  in  the  atmof- 
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phere.  They  are  fublimed  in  a ftrong  fire  without 
decompofition.  Six  parts  of  cold  water  difiblve 
them,  and  this  operation  is  attended  by  a confider- 
able  diminution  of  temperature.  They  require  no 
more  than  their  own  weight  of  boiling  water,  and 
the  folution,  on  being  cooled,  again  depofits  cryf- 
tals. 

§ CCXXXIV.  Sal  ammoniac  is  likewife  decom- 
pofed  by  the  fulphuric  and  nitric  acids,  which  enter 
into  combination  with  its  alkaline  bafis.  Each  of 
thefe  acids  has,  therefore,  the  power  of  feparating 
the  muriatic  acid  from  fal  ammoniac.  The  former 
produces  fulphate,  and  the  latter  nitrate  of  ammo- 
niac. 

§ CCXXXV.  Sal  ammoniac  is  not  at  all  decom- 
pounded bv  alumine,  and  but  very  imperfedly  by 
magnefia.  Pure  calcareous  and  ponderous  earths, 
decompofe  it,  however,  in  the  moft  perfe8:  manner; 
they  combine  with  the  muriatic  acid,  and  feparate  the 
ammoniac.  Hence,  if  dry  fal  ammoniac  be  tritu- 
rated with  quick-lime,  the,  ammoniac  is  difengaged 
in  the  ftate  of  gaz,  and  the  refidue  is  muriate 
of  lime.  If  this  procefs  be  inflituted  in.the  hydrar- 
gyropneumatic  apparatus  we  fhall  obtain  a tranfpa- 
rent  colourlefs  gaz,  viz.  ammoniacal  gaz,  which  is 
readily  abforbed  by  the  water,  thus  forming  a folu- 
tion of  pure  or  cauftic  ammoniac. 

§ CCXXXVI.  To  obtain  this  pure  ammoniac  in 
a liquid  ftatCj  one  part  of  dry  fal  ammoniac  is  mixed 
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with  three  parts  of  quick-lime,  and  introduced  into 
a glafs  retort  fitted  to  Woulfe’s  apparatus  with  one- 
half  part  of  water.  The  didillation  is  then  com- 
Tfuenced  by  a gentle  fire,  which  is  gradually  increafed 
till  the  retort  becomes  red-hot.  The  pure  ammo- 
niac, which  comes  over  in  the  ftate  of  gaz,  is  ab- 
forbed  by  the  water  of  the  receivers,  with  a con- 
fiderable  increafe  of  temperature,  and,  after  the 
operation  is  finifiied,  wc  fliall  have  pure  ammoniac 
in  a liquid  ftate.  The  refidue  in  the  retort  is  mu- 
riate of  lime  or  fixed  fal  ammoniac,  which  is  fepa- 
rated  from  the  fuperfiuous  lime  by  folution  in  water 
and  filtration. 

J CCXXXVII.  Sal  ammoniac  is  decompounded 
in  the  fame  manner  by  the  other  fixed,  pure,  or 
cauftic  alkalis;  and  pure  ammoniac  is,  therefore, 
equally  prepared  with  cauftic  pot  afli  and  cauftic  foda.. 
In  the  former  cafe,  the  refidue  is  muriate  of  pot  afli, 
in  the  latter  common  fait. 

§ CCXXXVIII.  But,  if  aerated  alkalis  be  em- 
ployed in  this  operation  inftead  of  cauftic  alkalis,  a 
double  decompofition  will  take  place;  the  muriatic 
acid  unites  with  the  alkalis,  and  the  ammoniac,  be- 
ing dilengaged,  combines  with  the  carbonic  acid  of 
thofe  alkalis,  and  forms  carbonate  of  ammoniac,  or 
aerated  volatile  alkaline  fait. 

§ CCXXXIX.  To  obtain  this  mild  ammoniac 
take  equal  parts  of  pure  fal  ammoniac  and  of  mild 
pot-afti  or  foda,  previoufty  dried ; put  them  into  a 
glafs  retort,  and  attach  a common  large  receiver«-—» 
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The  retort  being  then  expofed  to  fire,  which  is 
gradually  increafed,  mild  ammoniac  comes  over  in 
the  ftate  of  gaz,  and  adheres  to  the  fides  of  the 
receiver*  in  the  form  of  beautiful  white  cryftals, 
which,  when  diffblved  in  water,  form  liquid  carbo- 
nate of  ammoniac.  Upon  the  fame  principle,  car- 
bonate of  ammoniac  is  prepared  by  fubliming  one 
part  of  fal  ammoniac  with  two  parts  of  chalk,  or 
mild  calcareous  earth. 

5 CCXL.  One  hundred  parts  of  pure  muriatic  acid 
require  79  parts  of  ammoniac  for  perfect  faturation ; 
and  100  parts  of  cryftallized  muriate  of  ammoniac 
confift  of  52  parts  acid,  40  parts  pure  ammoniac, 
and  8 parts  water  of  cryftallization. 

XIV.  OF  SULPHATE  OF  POTASH. 

§ CCXLI.  Sulphate  of  pot-afh,  vitriolated  pot- 
afli,  arcanum  duplicatum,  vitriolated  tartar,  is  a 
neutral  fait,  compofed  of  the  fulphuric  acid  and  pot- 
afh.  It  is  fcarcely  ever  found  native,  and  we  gene- 
rally obtain  it  by  the  dire6l  or  indireH  combination 
of  its  conftituent  parts. 

§ CCXLI  I.  Jt  has  a bitter  and  ungrateful 
täiie.  Its  cryftals  have  the  form  of  hexaedral  py- 
ramids, which  are  not  changed  in  the  atmofphere. 
On  expofurc  to’fire  it  decrepitates  and  becomes  white  j 
and,  if  the  heat  be  intenfe,  it  melts  and  volatilizes 
without  decompofition.  • 
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§ CCXLIIL  This  fait  is  not  a£led  upon  by  any 
earth,  baryt  excepted,  which  decompofes  it ; for  the 
falphiiric  acid  combines  with  it,  and  forms  fulphate 
of  baryt,  and  the  pot-afh  is-  difengaged. 

f CCXLIV.  Sulphate  of  pot-afli  is  perfeQly  dif- 
folved  in  i8  parts  of  cold  water;  but  it  requires  no 
more  than  about  5 parts  of  boiling  water.  Hence 
the  folution  is  cafiiy  cryltallized  by  cooling. 

J CCXLV.  One  hundred  parts  of  fulphuric  acid, 
free  from  water,  require  215  parts  of  pot-afli  for  com- 
plete faturation;  and  100  parts  of  the  cryftals  of  ful- 
phate of  pot-aili  contain  66.67  of  pot-afh, 

25.51  parts  of  acid,  and  4.82  of  water  of  cryflalli- 
zation. 

§ CCXLVI.  This  neutral  fait  may  be  fuperfaturated 
with  its  acids.  If  pure  fulphuric  acid  be  diftilled  in  a 
retort  upon  fulphate  of  pot-afh,  acidulous  fulphate  of 
pot-afh  will  be  obtained.  This  fait  efflorefces  in  the  at- 
inofphere,  and  is  in  part  decompounded  by  the  nitric 
and  muriatic  acids.  ^ 

5 CCXLVII.  From  the  combination  of  the  fulphu- 
reous  acid  and  pot-afh  arifes  a neutral  fait,  known 
by  the  name  of  Stahl’s  fait  of  fulphur,  or  fulphite  of 
pot-afh,  which  differs  from  common  fulphate  of  pot- 
afh  in  this,  that  its  tafte  is  extremely  bitter,  that  it 
deliquefees  in  the  atmofphere,  is  readily  diffolved  in 
water,  and  decompounded  by  almofl  all  the  mineral, 
and  fome  of  the  vegetable  acids.  When  expofed 
to  the  air,  it  gradually  abforbs  oxygen,  and  becomes 
common  fulphate  of  pot  afli. 
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XV.  OF  SULPHATE  OF  SODA. 

§ CCXLVIII.  Sulphate  of  foda,  vitriolated  foda, 
Glauber’s- fal-mirabilis,  is  a neutral  fait,  which  con- 
fifts  of  the  fulphuric  acid  and  foda.  It  is  found  na- 
tive in  various  faline  fprings  and  mineral  waters ; on 
the  walls  of  houfes,  in  mines.  See,  In  the  fouth  of 
France  it  is  obtained  by  boiling  the  tamarix  gallica, 
a plant  which  grows  near  the  fea.  It  is  formed 
artificially  by  the  direfil  or  indired  combination  of 
its  confiituent  parts. 

f CCXLIX.  The  tafle  of  this  fait  is  at  firfl:  cool- 
ing, but  afterwards  extremely  bitter.  Its  cryftals 
are  fix-fided  prifms,  with  diaedral  extremities,  which, 
when  in  contad  with  the  atmofphere,  lofe  their  water 
of  cryftallization,  and  become  pulverulent.  On 
expofure  to  the  fire,  they  liquify  in  a fhort  time; 
but,  after  their  water  of  cryftallization  is  expelled, 
they  require  an  intenfe  heat  for  fufion,  by  which  they 
undergo  no  decompofition,  but,  at  laft,  become  Vo- 
latile. 

J CCL,  Sulphate  of  foda  is  perfedly  foluble  in  its 
own  weight  of  boiling  water  and  in  four  parts  of  cold 
water,  and  the  folution,  when  cooled,  readily  (hoots 
into  beautiful  cryftals.  , 

5 CCLI.  This  fait  is  decompounded  by  cauftic 
pot-alh  and  ponderous  earth ; the  former  produces 
fulphate  of  pot-afh,  and  the  latter,  lulphate  of  baryt; 
in  both  cafes  the  foda  is  precipitated. 
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§ CCLII.  One  hundred  parts  of  fulpburic  acid 
require  165  parts  of  foda  for  complete  faturation ; 
and  100  parts  of  Glauber’s  fait  contain  21.87  parts 
of  foda,  13.19  parts  of  fulphuric  acid,  and  64.94 
parts  of  water  of  cryflallization. 

§ CCLIIL  Sulphate  of  foda,  like  fulphaie  of  pot- 
afli,  can  be  fuperfaturated  by  its  own  acid,  and 
form  acidulous  fulphate  of  foda,  which  is  alfo  de- 
compounded by  the  nitric  and  muriatic  acids. 

XVI.  OF  SULPHATE  OF  AMMONIAC. 

§ CCLIV.  Sulphate  of  ammoniac,  or  Glauber’s 
fecret  arnmoniacal  fait,  is  a neutral  fait,  formed  by 
the  fulphuric  acid  and  ammoniac.  It  is  faid  to  be 
found  ready  formed,  with  the  muriate  of  ammoniac, 
near  volcanos,  and  in  fome  of  the  lakes  of  Tufcany. 

It  is  produced  artificially  by  the  direH  or  indircH 
combination  of  its  component  parts. 

§ CCLV.  Sulphate  of  ammoniac  has  a very  bitter  ‘ 
tafie.  Its  cryftals  are  thin  flat  hexaedral  prifms,  with 
pyramidal  extremities.  They  neither  deliquefce  nor 
efliorefce  in  the  air.  Expofed  to  fire,  they  foon  be- 
come fluid,  on  account  of  their  water,  which  being 
diflipated,  they  become  dry,  red  hot,  fufe,  and  are 
partly  volatilized. 

^ CCLV  I.  This  fait  readily  diflblves  in  two  parts 
of  cold  water,  and  during  the  folution  a confider- 
able  diminution  of  temperature  takes  place,  boiling 
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water  diflblves  its  own  weight;  the  folution  cryftal- 
lizes  when  cooled  : the  fineft  cryftals,  however,  are 
obtained  by  flow  evaporation  in  the  atmol'phere. 

§ CCLVII.  Pure  calcareous  and  ponderous  earth, 
and  the  mild  and  cauftic  alkalis,  decompofe  this 
fait,  and  difengage  the  ammoniac;  and  the  refidue 
is  either  fulpbate  of  lime,  fulphate  of  baryt,  ful- 
phate  of  foda,  or  fulphate  of  pot-afli ; if  mild  alka- 
lis be  employed,  carbonate  of  ammoniac  will  be 
precipitated. 

§ CCLVII  I.  This  fait,  like  the  fulphates  of  foda  and 
of  pot-afli>  is  partly  decompounded  by  the  nitric  and 
muriatic  acids. 

XVII.  OF  BORAX. 

§ CCLIX.  Borax  is  a neutral  fait,  confiding  of  the 
boracic  acid,  or  fedative  fait,  fuperfaturated  with 
loda.  Native  borax,  mixed  with  different  earthy 
particles,  is  imported  from  the  Eaft-Indies  and  China 
by  the  name  of  tincal.  It  is  faid,  that  in  the  Eaft- 
Indies  they  obtain  it  from  various  mineral  waters, 
which  are  collected  in  artificial  trenches,  and  after- 
wards evaporated  by  the  heat  of  the  fun.  The  origin 
of  the  Chinefe  tincal  is  dill  more  obfcure.  It  has 
been  alfo  found,  in  confiderable  abundance,  in  the 
mines  of  Riquintipa^  near  Efcapa.  Finally,  the 
boracic  acid,  or  fedative  fait,  has  been  deteded  ii> 
the  lakes  of  Cherchiajo,  and  Cadelnuovo  in  Tuf- 
cany. 
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5 CCLX.  Tincal.is  a fait  of  a greenifh  colour,  the 
cryftals  of  which  are  flat  hexaedral  prifms.  In  Eu- 
rope, and  particularly  in  Holland,  it  is  purified  from 
the  extraneous  matter  with  which  it  is  mixed,  and 
afterwards  fuperfaturated  with  foda,  and  fold  by  the 
name  of  borax.  Tincal,  therefore,  differs  from  borax 
merely  in  being  mixed  with  foreign  particles,  which 
are  feparated  by  repeated  folutions  in  water,  and  by 
cryftallization,  and  in  not  being  fuperfaturated  with 
foda, 

^ CCLXI.  Borax  has  a fubaflringcnt  and  fome- 
what  alkaline  tafle,  its  cryftals  are  comprefled  hexae- 
dral prifms,  with  diaedral  extremities,.  They  lofe 
their  fplendor  when  expofed  to  the  atmofphere,  be- 
caufe  their  furface  is  deprived  of  the  water  of  cryf- 
tallization. 

5 CCLXI  I.  This  fait  liquifies  with  great  facility 
on  expofure  to  fire,  which  caufes  it  to  fwell  into  a 
light  and  porous  mafs,  termed  calcined  borax;  if  the 
heat  be  increafed,  it  fufes,  and  bec^omes  a white  tran- 
fparent  gl a fs,  which  only  differs  from  the  former  bo- 
rax in  being  deprived  of  its  water  6f  cryftallization. 

^ CCLXI II.  Borax  is  readily  diffolved  in  twelve 
parts  of  cold,  and  in  fix  parts  of  boiling,  water;  the 
folution  readily  cryftaliizes  on  cooling. 

§ CCLXIV.  The  fulphuric  acid  decompounds 
borax,  and  difengages  its  acid.  To  this  end  concen- 
trated fulphuric  acid  is  added  to  a hot  folution  of 
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borax,  till  the  lixivium  becomes  fomewhat  acid;  the 
folution  being  then  cooled,  boracic  acid,  in  the  fhape 
of  bright  fcales,  begins  to  be  formed;  the  remaining 
part  of  the  lixivium,  being  repeatedly  evaporated, 
yields  at  firft  boracic  acid,  but  afterwards  fulphate  of 
foda. 

f CCLXV.  In  the  fame  manner  the  acid  of  borax 
may  be  feparated  from  borax,  by  the  nitric,  muriatic, 
and  even  vegetable  acid ; and  we  obtain,  by  evapo- 
rating the  lixivium,  various  neutral  falts,  according 
to  the  acid  employed. 

5 CCLXVI.  Sedative  fait,  or  the  acid  of  borax, 
has  a weak  acid  tafte,  and  produces  no  particular 
change  on  the  blue  juices  of  vegetables.  Its  cryftals 
are  irregular  brilliant  fcales,  and  of  great  levity.  It 
dilTolves  in  20  parts  of  cold  water,  and  in  3 parts  of 
hot;  it  is  readily  diffolved  likewife  in  fpirit  of  wine, 
which  then  burns  with  a green  flame. 

§ CCLXVII.  This  fait,  if  dry,  fuffers  no  altera- 
tion by  fire,  but  is  at  laft  fufed  into  a tranfparent 
glafs.  If  moiftened  with  water,  and  expofed  to  fire 
in  a cucurbit,  it  is  fublimed,  and  becomes  very  white. 

5 CCLXVI II.  Borax,  as  well  as  the  boracic  acid, 
accelerates  the  fufion  of  earths  and  (tones;  the  former, 
therefore,  is  highly  ufeful  both  in  chemiftry  and  the 
arts;  but,  as  its  intumefcence  on  the  application  of 
heat  is  great,  and  may  prove  inconvenient,  if  not 
injurious,  we  generally  employ  calcined  borax,  or, 
which  is  flill  preferable,  the  glafs  of  borax. 
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§ CCLXIX.  According  toEergmarin,  lOO  parts  of 
borax  contain  34  parts  of  acid,  17  parts  of  foda, 
and  49  parts  of  water  of  cryftallization^ 

XVIII.  OF  BORATE  OF  POT.ASH. 

/ 

§ CCLXX.  Borate  of  pot-afh  is  a neutral  fait, 
formed  of  the  boracic  acid  and  pot-afli,  It  is  prepared 
either  by  the  direÖ  faturation  of  boracic  acid  with 
pot-afli  or  the  fixed  vegetable  alkali,  or  indirefilly, 
during  the  decompofition  of  nitre,  in  the  dry  way,  by 
the  boracic  acid. 

J CCLXXI.  The  properties  of  ,this  neutral  fait 
are  as  yet  but  imperfefilly  known ; if  flowly  evapo- 
rated, it  flioots  into  prifmatic  tetraedral  cryllals,  which 
fuffer  no  change  from  the  atrnofphere,  and,  expofed 
to  a ftronger  fire,  fufe,  like  borax,  into  a glafs, 
wiiich  is  foluble  in  water, 

XIX.  OF  BORATE  OF  AMMONIAC. 

J CCLXX II.  Borate  of  ammoniac  is  a neutral 
fait,  which  conlifls  of  boracic  acid  and  ammoniac. 
It  is  obtained  by  dire8;  combination,  when  boracic 
acid  is  digelted  upon  cauflic  ammoniac  to  the  point  of 
faturation,  and  the  folution  evaporated,  cooled,  and 
cryftallized. 

^ CCLXXIII.  This  fait  has  a penetrating  tafte  ; 
its  cryllals  are  polyaedral,  which  efflorefee  on  expo- 
lure  to  the  atrnofphere.  It  is  decompounded  by  heat, 
for  the  ammoniac  is  developed,  and  the  refiduum  is 
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fedative  fait.  Ammoniac  is  like  wife  feparated  from 
the  boracic  acid  by  quick-lime. 

XX.  OF  THE  FLUORIC  ACID. 

5 CCLXXIV.  Mineralogifts  have  been  long  ac- 
quainted with  a peculiar  fpecies  of  ftone,  which,  from 
its  property  of  accelerating  the  fufion  of  other  ftbnes, 
was  diftinguifhed  by  the  name  of  fluor;  but  it  is 
only  within  thefe  few  years  that  its  conftituent  parts 
have  been  accurately  determined.  The  celebrated 
Scheele  was  the  firft  who  demonftrated  that  this  ftone 
confifts  chiefly  of  an  earthy  fait,  compofed  of  lime 
and  a peculiar  acid,  which,  from  its  origin,  he 
termed  acid  of  fluor,  or  fluoric  acid. 

§ CCLXXV.  If  equal  parts  of  fluor  and  of  con- 
centrated fulphuric  acid  be  put  into  a leaden  retort, 
and  diftilled  by  a gentle  heat,  a gaz,  termed  fluoric 
acid  gaz,  is  obtained  in  the  hydrargyropneumatic  ap- 
paratus, previoufly  applied.  The  fluor  is  thus  decom- 
pounded; the  fulphuric  acid  combines  with  the  cal- 
careous earth,  and  forms  gypfum,and  the  fluoric  acid 
is  difengaged. 

{ CCLXXVI.  Fluoric  acid  gaz  is  readily  abforbed 
by  water,  in  which  cafe  it  forms  liquid  fluoric  acid. 
To  obtain  it  in  greater  abundance,  the  above  mixture 
Ihould  be  diftilled  in  a leaden  retort,  with  Woulfe’s 
apparatus  conftruded  of  lead. 

§ CCLXXVII.  Concentrated  fluoric  acid  pof- 
fefles  a peculiar  tafte  and  fmell,  and  conftantly 
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emits  white  and  fulFocating  vapours.  It  has  the  power, 
above  all  other  acids,  of  diffolving  pure  filiceous 
earth  and  glafs* 

5 CCLXXVIII.  On  account  of  this  latter  pro- 
perty of  the  fluoric  acid,  it  has  been  fuccefsfully  em- 
ployed for  etching  on  glafs.  The  fluoric  acid  ufed 
for  this  purpofe  is  either  liquid^  or,  which  is  prefera- 
ble, in  the  flate  of  gaz. 

XXL  OF  ALKALINE  FLUATES. 

§ CCLXXIX.  The  neutral  falls  termed  fluates 
have  been  hitherto  but  (lightly  examined ; they  are 
all  formed  by  direct  combination  ; but  it  is  necelfary 
that  the  fluoric  acid  employed  fliould  be  perfeQIy  free 
from  filiceous  earth,  otherwife  fuch  earth  is  feparated 
during  the  combination  of  the  acid  with  the  alkalis, 
and  a gelatinous  uncryftallizable  mafs  is  formed. 

§ CCLXXX.  Pure  fluoric  acid,  faturated  with 
pot-afh,  forms  fluate  of  pot-afh,  a fait  which  readily 
diflblves  in  w^atcr,  deliquefces  in  the  atmofphere,  and 
is  not  cryflailized  but  with  great  difficulty.  It  is  de- 
compounded by  the  fulphuric  acid  and  quick-lime; 
in  the  former  cafe,  the  fulphuric  acid  combines  with 
the  pot-afli,  and  forms  fulphate  of  pot-afli,and  fluoric  ' 
acid  is  difengaged,  CCLXXV.);  in  the  latter,  the 
quicklime  combines  with  the  fluoric  acid,  and  forms 
regenerated  fluor,  which  is  precipitated,  it  bejng 
fcarcely  foiuble» 
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5 CCLXXXL  Fluate  of  foda  differs  from  the  for^ 
merfalt,  as  it  is  with  great  difficulty  foluble  in  water, 
and  fhoots  into  fmall  oblong  tetraedral  cryftals  of  a 
bitter  tafte,  and  which,  like  common  fait,  decrepi- 
tate on  expofure  to  a red  heat.  This  neutral  fait,  like 
the  preceding  one,  is  decompounded'by  the  fulphuric 
acid  and  quick-lime. 

JCCLXXXII.  The  combination  of  the  fluoric 
acid  and  ammoniac  produces  a neutral  fait,  viz.  fluate 
of  ammoniac,  the  lixivium  of  which,  when  evaporated^ 
forms  fmall  columnar  cryftals,  which  are  deliquefcent 
in  the  atmofphere,  have  a bitter  tafte,  are  perfe6lly 
fublimed  by  heat,  and,  according  to  Wiegleb,  a6l 
in  the  fame  manner  upon  glafs  and  filiceous  earth  as 
the  fluoric  acid. 

XXII.  OF  THE  CARBONIC  ACID. 

J^CCLXXXIII.  Chemifts,  at  an  early  period,  had 
noticed  the  two-fold  ftate  in  which  alkalis  and  cal- 
careous earths  are  found,  and  accordingly  had  termed 
them  cauftic  or  mild;  but  it  is  only  known  fince  the 
experiments  of  Dr.  Black,  that  the  different  ftates  in 
which  thofe  bodies  appear  depend  upon  the  prefence 
or  abfence  of  the  bafis  of  that  gaz,  which  he  deno- 
minated fixed  air.  Modern  Chemifts  have  made 
farther  difeoveries  upon  this  fubjeH,  and  have  proved 
that  fixed  air  is  a true  acid  of  a peculiar  kind,  .which, 
becaufe  it  was  found  in  the  atmofphere,  received  the 
name  of  aerial  acid;  but,  fince  |ts  conftituent  parts 
are  better  known,  it  is  termed  carbonic  acid. 
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CCLXXXIVo  (This  acid  occurs  not  only  in  thofe 
compound  ftates  we  have  mentioned,  but  likewife  in 
various  other  ways,  ready  formed.  Thus  we  find  it 
in  many  mineral  waters,  which,  frojm  the  peculiar 
tafle  communicated  to  them  by  this  acid,  are  termed 
acidulous  mineral  waters ; alfo  in  a gazeous  and 
very  pure  (late,  in  a great  number  of  fubterraneous 
cavities ; in  the  atmofphere,  of  which  it  occupies 
i-iooth  part ; and  it  is  frequently  generated  and  difen- 
gaged  during  the  change  and  decompofition  of  vege- 
table and  animal  matter.  Finally,  we  obtain  it  arti- 
ficially by  the  decompofition  of  neutral  carbonic  acid 
falts,  by  means  of  other  acids,  or,  which  anfwers 
the  fame  end,  by  difiblving  mild  pot-afh  and  com- 
mon lime-ftone  in  acids;  or  by  decompofing  thefe 
bodies  by  fire. 

5 CCLXXXV.  Hence,  if  any  acid  be  poured 
upon  common  calcareous  earth,  in  the  pneumatic  ap- 
paratus, fuch  earth  will  be  decompounded;  the  acid 
affufed  combines  with  the  lime,  and  forms  a new  neu- 
tral (alt;  and  the  carbonic  acid  is  difengaged,  and 
eicapcs  in  the  (late  of  a colourlefs  gaz,  viz.  carbonic 
acid  gaz. 

f CCLXXXVL  This  gaz  changes  the  biuc'juiccs 
of  vegetables  red.  Its  fpccific  gravity  to  that  of  the 
-iftmolphere  is  about  1 1-  to  i.  'A  cubic  inch  weighs 
c.68985’of  a grain.  Animals  die  in  it  in  a very  fhort 
(pace  of  time,  and  flame  is  infiaotly  extinguifiied. 

§ CCLX XXVII.  This  gaz  may  be  readily  com- 
bined with  an  equal  part  of  cold  water;  and  different 
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machines  have  been  invented  for  the  purpofe  of  im- 
pregnating water  in  an.  eafy  and  cheap  way  with  car- 
bonic acid,  in  imitation  of  mineral  waters. 

§ CCLXXXVIII.  Carbonic  acid  gaz  diifolved  in 
water,  or  liquid  carbonic  acid,  has  a peculiar  and 
pungent  tafle ; it  changes  the  blue  juices  of  vegeta- 
bles red,  and  is  again  deprived  of  its  water,  either  by 
heat  or  congelation. 

f CCLXXXIX.  It  is  demonflrated  by  the  expe- 
riments of  modern  chemifts,  that  carbonic  acid,  like 
all  other  acids,  confills  of  oxygen,  and  a bafis  which 
is  carbon  or  pure  charcoal ; for,  whenever  pure  char- 
coal is  burned,  that  is,  combined  with  oxygen,  carbo- 
nic acid  is  produced,  and  in  a proportion  precifely 
equal  to  the  weight  of  the  carbon  and  oxygen  em- 
ployed. This  acid  is  formed  likewife  by  heating  the 
calces  of  metals,  or  metallic  oxides,  in  fire,  with  car- 
bon; and  by  dire8:  combination  during  the  refpira- 
lion  of  animals. 

XXIII.  OF  CARBONATE  OF  POTASH. 

} CCXC.  Carbonate  of  pot-afh,  aerated  pot-afh, 
mild  or  common  pot-afh,  common  or  aerated  fixed 
vegetable  alkali,  is  a perfeH  neutral  fait,  which  con- 
fifts  of  pure  or  cauftic  pot-afh  and  carbonic  acid. — 
It  is  obtained  by  indireH  combination  in  various 
proceffes,  and  by  diretl  combination,  wbea  a fatu- 
rated  folution  of  pure  pot-afh  is  impregnated  with 
carbonic  acid  to  faturation. 
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§ CCXCI.  This  neutral  fait  forms  regular 
cryflals,  which  reprefent  tetraedral  prifms,  termina- 
ting in  fhort  tetraedral  points.  It  has  an  urinous  tafte^ 
and  changes  the  fyrup  of  violets  green.  On  expo- 
fure  to  the  atmofphere  it  does  not  deliquefce,  but  ra- 
ther efflorefces;  in  the  fire  it  readily  melts,  and  is  de- 
compounded, its  water  of  cryftallization  and  acid  are 
for  the  moft  part  expelled,  and  pure  pot-afli  remains. 
Four  parts  of  cold  water  are  required  for  its  folu- 
tion,  and  rather  a fmaller  quantity  of  hot  water. 

5 CCXCII.  All  acids  decompofe  mild  pot-afh  in 
the  moifl  way;  hence  new  neutral  falls  are  pro- 
duced, which  differ  according  to  the  acid  employed, 
and  the  carbonic  acid  efcapes  in  the  ftate  of  gaz. — 
This  fait  is  equally  decompounded,  in  the  dry  way, 
by  filiceous  earth,  which  combines  with  the  pure  pot- 
afli,  and  forms  glafs,  whilfl  the  carbonic  acid  is  ex- 
pelled. This  accounts  for  the  effervefcence  which 
takes  place  during  the  fufion  of  the  mixture. 

5 CCXCIII.  This  fait  is  likewife  decompounded 
by  quicklime;  the  carbonic  acid  unites  with  the  lime, 
which  becomes  serated,  and  quits  the  pot-afh,  which 
is  thus  rendered  pure  or  cauflic.  Flence,  if  three 
parts  of  quicklime  be  mixed  with  one  part  of  mild 
pot-afh,  diffolved  in  water,  and  the  folution  be  fil- 
trated and  evaporated  to  drynefs,  we  fhall  obtain  pure 
or  cauflic  pot-afli,  which  in  pharmacy  is  known  by 
the  name  .of  lapis  cauflicus. 

J CCXCIV.  The  tafle  of  pure  pot-afh  is  fo  very 
Sicrid  that  it  erodes  the  tongue.  It  combines  with  acids. 
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without  efFervefcence.  It  inftantly  changes  the  blue 
juices  of  vegetables  to  a dark  green,  but  this  colour  is 
ultimately  deftroyed,  and  becomes  brown,  inclining  to 
yellow.  Expofed  to  the  fire,  it  fufes,  after  becoming 
red  hot,  without  decompofition ; and  an  intenfe  heat 
is  requifite  to  render  it  volatile. 

§ CCXCV.  It  quickly  deliquefces  on  expofure  to 
the  atmofphere,  from  which  it  attracts  the  carbonic 
acid;  and  being  then  combined  with  acids,  it  again 
effervefees.  It  readily  diflblves  in  water,  with 
increafe  of  temperature.  To  render  it  folid  again, 
it  ought  to  be  evaporated  to  drynefs,  but  on  this  oc- 
cafion  it  never  affumes  a cryftallized  form. 

5 CCXCVI.  Siliceous  and  feveral  other  earths  are 
diffblved  by  it  in  the  dry  way,  and  in  confequence 
become  vitreous  maffes,  more  or  lefs  tranfparent, 

XXIV.  OF  CARBONATE  OF  SODA. 

§ CCXCVI  I.  Carbonate  of  foda,  mild  or 
aerated  foda,  aerated  fixed  mineral  alkali,  is  a perfect 
neutral  fait,  confiding  of  the  carbonic  acid  and  pure 
or  cauftic  foda.  In  Hungary,  Egypt,  Perfia,  the 
Eaft  Indies,  and  China,  it  is  found  ready  formed  on 
the  furface  of  the  earth ; likewife  in  a great  many  mi- 
neral waters,  and  on  old  walls.  But,  as  this  native 
carbonate  of  foda  is  never  completely  faturated  with 
the  carbonic  acid,  it  is  neceffary  to  have  recourfe  to 
art,  to  obtain  it  in  that  date.  This  fait  is  likewife 
formed  by  the  dire^;  combination  of  its  condituent 
parts;  andj  indire6lly,  by  the  decompofition  of  other 
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neutral  falts;  and  by  the  lixiviation  of  the  allies  of 
plants  growing  near  the  fea. 

§ CCXCVIII.  The  completely  faturated  carbo- 
nate of  foda  has  rhomboidal  cryftals,  which  repre- 
fent  an  aggregation  of  fcales.  On  expofure  to  the 
atmolphere,  it  lofes  its  water  of  cryftallization  and 
elflorefces.  Fire  a6ts  upon  it  in  the  fame  manner 
as  upon  carbonate  of  pot-afh.  Its  talte  is  urinous, 
but  lefs  acrid  than  that  of  mild  potafti.  It  changes 
the  blue  juices  of  vegetables  green, 

^ CCXCIX.  This  fait  requires  two  parts  of  cold 
water  for  perfeB:  faturation,  but  only  an  equal 
quantity  of  boiling  water.  Hence,  it  readily  cryftal- 
lizes  on  the  cooling  of  the  lixivium;  the  chryftals, 
however,  will  be  more  beautiful  if  the  evaporation  be 
carried  on  (lowly. 

^ CCC.  Acids  and  vitrifiable  earths  have  the 
fame  effeB  upon  carbonate  of  foda  as  upon  carbo- 
nate of  pot-afli,  except  that  the  glafs,  produced  in  the 
latter  cafe,  is  more  durable,  and  fufes  with  greater 
facility. 

5 CCCI.  Carbonate  of  foda  is  decompounded  by 
quicklime  and  pure  ponderous  earth,  in  the  fame  man- 
ner as  carbonate  of  pot-afii ; and  pure  or  cauflic  foda 
may  be  obtained  according  to  the  fame  method,  and 
by  the  fame  procefs,  that  we  obtain  cauftic  pot-alh ; 
and  pure  or  cauftic  foda  differs  from  mild  foda,  for 
the  fame  reafon  that  mild  pot-afh  differs  from  cauftic. 
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§ CCClI.  The  compofition  of  the  fixed  cauftic' 
alkalis,  notwithftanding  the  numerous  experiments 
;nade  on  this  fubje61;,  remains  as  yet  obfcure;  and  we 
are  ftill  obliged  to  confider  them  as  fimple  bodies^  al- 
though, it  be  very  probable  that  they  are  compofed  of 
different  elements.  Some  modern  chemifts  fufpe6l 
that  nitrogen  conftitutes  one  of  their  general  prin- 
ciples. 

XXV.  OF  CARBONATE  OF  AMMONIAC. 

5 CCCIII.  Carbonate  of  ammoniac,  or  mild  vola- 
tile alkali,  is  a perfeQ;  neutral  fait,  which  confifts  of 
the  carbonic  acid  and  pure  or  cauflic  ammoniac. 
Hitherto  it  has  not  been  found  in  nature,  and  it  is 
always  produced  either  by  dire6l  combination,  by 
the  double  decompofition  of  other  neutral  falts^  or 
the  decompofition  of  animal  matter,  and  of  certain 
other  bodies  by  fire. 

§ CCCIV.  The  cryfials  of  this  fait  are  tetraedral 
columns;  they  attract  but  afmall  portion  of  moiflure 
from  the  atmofphere,  have  an  urinous  tafle,  and  im- 
part a green  colour  to  fyrup  of  violets.  They  readily 
liquify  in  the  fire,  and  are  almoft,  at  the  fame  time, 
entirely  fublimed.  Their  folution  is  effe6led  in  two 
parts  of  cold  water,  and  attended  by  the  produ£lion  of 
cold;  of  boiling  water  they  require  a quantity  fome- 
what  lefs. 

§ CCCV.  This  fait,  like  all  others  formed  by  the 
carbonic  acid,  is  decompounded  by  quicklime.  In 
this  cafe,  however^  pure  ammoniac  paffes  off  in  the 
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ftate  of  gaz.  It  is  likewife  decompofed  by  the  fixed 
or  cauftie  alkalis,  which  difengage  the  ammoniac. 

§ CCCVI.  Pure  or  cauflic  ammoniac  is  never 
feen  in  a folid,  but  always  in  an  aeriform*  or  liquid 
ftate.  It  differs  alfo  from  mild  ammoniac,  as  fixed  or 
cauflic  alkalis  differ  from  mild  alkalis. 

§ CCCVI I.  The  celebrated  Bertholet  has  difco- 
vered,  that  pure  ammoniac  confifls  of  nitrogen  and 
hydrogen;  and  that  looo  parts  of  pure  ammoniac 
contain  807  parts  nitrogen,  and  193  parts  hydrogen. 
This  will  be  demonftrated  by  the  following  experi- 
ments. 

5 CCCVIII.  If  an  uninterrupted  ftream  of  elec- 
tric fparks  be  paffed  through  a determinate  quantity 
of  ammoniacal  gaz,  the  volume  of  this  gaz  will  be  al- 
mofl  trebled,  and  at  length  the  whole  will  be  changed 
into  a mechanical  mixture  of  infiammable  and  nitro- 
gen gazes. 

^ CCCIX.  Introduce  a determinate  quantity  of 
pure  liquid  ammoniac  into  a glafs  retort,  whofe 
neck  is  connefled  with  a porcelain  tube,  containing 
common  or  calcined  manganefe,  heated  red  hot,  in 
an  adjoining  furnace.  Fire  being  now  applied  to 
the  retort,  the  ammoniac  is  forced  to  pafs  through  the 
red  hot  manganefe  in  the  tube,  and,  confequently,  a 
certain  quantity  of  water  and  of  nitrous  gaz  is  ob- 
tained in  the  receivers.  The  ammoniac  is  thus  de- 
compounded; its  two  principles  combine  feparatel/ 
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with  the  oxygen  of  the  manganefe,  and  form  water 
and  nitrous  gaz. 

§ CCCX.  The  compofition  of  ammoniac  can  be 
alfo  proved  from  the  ftate  of  flaming  nitre  in  fire; 
from  the  effects  of  the  oxygenated  muriatic  acid,  or 
cauflic  fpirit  of  fal  ammoniac,  (§  CCXXIIl.)  and 
from  a great  number  of  experimfents,  which  we  (hall 
have  occafion  to  mention  hereafter. 

XXVI.  OF  EARTHS  IN  GENERAL. 

{ CCCXI.  Chemifts  have  given  the  denomina- 
tion of  earth  to  fuch  bodies  as  are  inodorous,  infipid, 
pulverulent  or  friable,  uninflammable,  fcarcely  fo-* 
luble  in  water,  unchangeable  in  the  fire;  whofe  fpeci- 
fic  gravity  is  not  more  than  5,  and  which,  when 
heated,  either  by  themfelves  or  with  inflammable  bo- 
dies, do  not  acquire  metallic  fplendour. 

5 CCCXII.  Thofe  earths,  which  have  not  hitherto 
been  decompounded,  are  termed  elementary  or 
fimple  earths.  Of  this  kind,  we  reckon  the  follow- 
ing feven  : 1.  Calcareous  earth,  or  Lime;  2.  Ponder- 
ous earth, or  Baryt ; 3.  Argillaceous  earth,  or  Alumine ; 
4.  Earth  of  bitter  fait  or  Magnefia;*5.  Siliceous  earth, 
or  Silica;  6.  Earth  of  adamantine  fpar;  7.  Jargon  earth. 
Thefe  fimple  earths  conftitute  the  principles  of  all 
thofe,  termed  compound  earths,  ftones, 

§ CCCXII I.  Simple  earths  are  fubdivided  into 
fuch  as  are  capable  of  combining  with  acids,  and 
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forming  neutral  falts,  and  into  luch  as  are  infoluble  in 
acids.  The  former  are  termed  alkaline  or  abforbent 
earths,  and  to  this  clafs  belong  the  four  firft  of  the 
earths  above-mentioned. 

§ CeeXIV.  Earths  in  their  natural  (late  are  feldom 
pure,  for,  in  general,  they  are  either  combined  with 
other  earths,  or  with  different  bodies.  According  to 
their  ftate  of  aggregation,  they  aifume  various  extern 
nal  properties;  to  enumerate  thefe  is  the  work  of 
mineralogies;  it  is  our  province  only  to  examine 
/ their  chemical  properties  when  in  a hate  of  purity. 

XXVIL  OF  CALCAREOUS  EARTH. 

§ CeeXV.  Caullic,  or  pure  calcareous  earth,  in 
a Rate  of  mixture  with  aerated  calcareous  earth,  has 
been  hitherto  only  found  at  Bath,  and  near  the  craters 
of  fome  ancient  volcanos.  It  is  obtained  artificially 
by  the  decompofition  of  common  calcareous  earth,  by 
hre,  or  by  the  decompofition  of  other  calcareous 
falls  by  fixed  alkalis,  when  it  is  termed  quicklime. 

7 

^ CCCXVL  Quicklime  has  an  acrid,  urinous,  and 
corrohve  taRe.  It  changes  the  colour  of  violets 
green,  and  in  the  end  deRroys  it.  Its  fpecific  gravity, 
according  to  Bergmann,  is  2.  720.  It  undergoes  no 
change  in  the  fire,  nor  can  it  be  fufed  in  the  moR  in- 
lenfe  heat,  unlefs  in  contaH  with  fufible  bodies, 

§ CCCXVII.  On  expofurc  to  the  atmofphere  it 
becomes  hot,  intumefeent,  and*is  at  length  reduced  to 
powder.  The  moiRer  the  atmofphere  is,  the  fooner 
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does  this  phenomenon  happen.  The  lime  is  then  faid 
to  be  lime  flaked  in  ain  Calcareous  earth,  deprived 
of  its  water  by  burning,  again  attracts  it  from  the  at- 
niofphere,  and,  at  the  fame  time,  parts  with  a confi- 
derable  quantity  of  caloric.  By  diftillation  in  an  in- 
tenfe  heat,  however,  this  water  may  be  expelled  a fe- 
cond  time,  and  the  former  quicklime  reftored.  But,  if 
this  flaked  lime  be  expofed  to  the  atmofphere  Ibme 
time  longer,  it  becomes  faturated  by  degrees  with  car- 
bonic acid,  and  is  reduced  to  the  ftate  of  aerated  cal- 
careous earth. 

5 CCCXVIII.  If  a fmall  quantity  of  water  be 
fprinkled  upon  quicklime,  it  is  eagerly  abforbed,  and 
the  quicklime  remains  as  dry  as  before;  but  it  quickly 
breaks  with  a crackling  noife,  falls  to  an  impalpable 
powder,  and  at  the  fame  time  produces  a confiderable 
degree  of  heat.  This  is  attended  by  a peculiar  fmell, 
and  phofphorefcence  in  the  dark.  The  fame  elfefts 
are  produced  as  mentioned  in  the  preceding  fec- 
tion,  but  more  rapidly.  Lime,  thus  faturated  with 
as  much  water  as  it  can  hold  in  a dry  ftate,  is  termed 
flaked  lime. 

§ CCCXIX.  A frefti  quantity  of  water,  added  to 
fuch  lime,  diflblyes  it  without  exciting  heat;  680 
parts  of  water,  at  the  temperature  of  the  atmofphere, 
take  up  one  part  of  quick  lime;  and  this  folution  is 
termed  lime-water. 

§ CCCXX.  Lime-water  is  a tranfparent  colour- 
iefs  fluid,  the  fpecific  gravity  of,  which  fcarcely  ex- 
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ceeds  that  of  pure  water.  It  has  an  acrid  tafte,  changes 
at  firft  the  colour  of  fyrup  of  violets  green,  and  after- 
wards deflroys  it.  Expofed  for  fome  time  to  the  at- 
mofphere,  its  furface  is  invefted  with  an  earthy  pellicle, 
termed  cream  of  lime,  which,  when  removed,  is  re- 
placed by  a new  one.  This  fubftance  is  carbonate 
of  lime,  a neutral  fait,  infoluble  in  water,  formed  by 
the  combination  of  the  carbonic  acid  of  the  atmof- 
phere  and  the  lime  of  the  lime-water. 

§ CCCXXI.  This  feparation  of  calcareous  earth 
from  lime-water  proceeds  ftill  more  rapidly,  if 
the  lime-water  be  brought  into  conta8:  with  carbonic 
acid  gaz,  or  if  this  gaz  be  conducted  through  it. 
Calcareous  earth  in  an  aerated  ftate  is  alfo  precipitated, 
if  to  the  lime  water  be  added  a folution  ofmildpot-afh, 
which  thus  becomes  caullic.  '(JCCXCIII.  Sc  CCCl.) 

§ CCCXXII.  Pure  diflilled  water  is  carried  into 
the  receiver  by  evaporating  lime-water  in  clofe  velfels; 
and  quicklime  remains  behind.  It  requires,  how- 
ever, an  intcnfe  heat  to  feparate  the  laß:  particles  of 
“ water  from  the  lime. 

{ CCCXXIII.  Ouicklime  diffolves  filiceous 
earth  in  the  moiß:  way.  Hence,  if  fand  be  added  to 
lime  recently  flaked,  the  mixture  obtains  a greater 
confiflence,  and  at  laß.  becomes  very  hard.  This 
compound  is  termed  mortar,  the  quality  of  which 
depends  upon  the  proportion  of  the  lime  and  fand ; 
upon  the  degTee  to  which  the  lime  is  flaked,  previ- 
ous to  its  being  mixed;  and  upon  the  tenuity  and 
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uniformity  of  the  fand.  Quicklime  combines  in 
the  fame  manner  with  clay  burned  by  art  or  vol- 
canos, and  forms  excellent  mortar. 

§ CCCXXIV.  In  the  dry  way,  quicklime  com- 
bines with  filica,  clay,  and  magnefia,  and  forms  more 
or  lefs  tranfparent  fcoriae  or  glafs. 

XXVIII.  OF  SULPHATE  OF  LIME. 

§ CCCXXV,  The  combination  of  lime  and  the 
fulphuric  acid  forms  an  earthy  fait,  known  by  the 
name  of  vitriolated  lime,  fulphate  of  lime,  felenite, 
or  gypfum.  Immenfe  ftrata  of  this  fait  are  found  in 
almoft  every  part  of  Europe,  and  it  is  alfo  contained 
Sn  a great  many  mineral  waters.  In  the  former  ftate, 
mineralogifts,  on  account  of  its  external  form,  diftin- 
guifh  it  by  the  terms  lapis  gypfius,  glacies  marine, 
gypfum  ftriatum.  See.  This  lalt  may  be  alfb  formed 
by  a direct  or  indireft  combination  of  its  conftituent 
parts. 

J.CCCXXVI.  Gypfum,  or  felenite,  forms  flat 
prifmatic  cryftals,  which  remain  unaltered  in  the  at- 
mofphere.  It  requires  500  parts  of  cold,  and  470 
parts  of  boiling  water,  for  perfect  folution;  and  hence 
we  can  only  obtain  it  in  beautiful  chryftals  by  flow 
evaporation  in  the  open  air.  One  hundred  parts  of 
this  fait  contain  32  parts  of  lime,  30  parts  fulphuric 
acid,  and  38  parts  of  water  of  cryftallization. 

§ CCCXXVII.  Gypfum,  on  expofure  to  fire, 
lofes  its  water  of  cryftallization,  and  is  reduced  to  a 
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Tvhite  powder,  or  burned  gypfum  ; and  if  the  heat  be 
intenfe,  it  melts  into  a cream-coloured  glafs. 

§ CCCXXVIII.  Water,  poured  upon  burned 
gypfum,  is  greedily  abforbed,  whiHl  the  temperature 
is  confiderably  increafed,  and  the  gypfum  becomes  a 
parte,  which  foon  hardens,  termed  flaked  gypfum. 

§ CCCXXIX.  Gypfum  is  decompounded  by 
baryt  and  the  fixed  alkalis.  They  combine  with 
the  fulphuric  acid,  and  produce  new  neutral  falls,  at 
the  fame  time  that  pure  calcareous  earth  is  feparated. 
It  is  equally  decompounded  by  the  mild  fixed  alka- 
lis and  mild  ammoniac ; in  this  cafe,  however,  the 
.calcareous  earth  difengaged  is  mild  or  aerated. 

XXIX.  OF  NITRATE  OF  IJME. 

^ CCCXXX.  Nitrate  oflime,  nitrated  lime,  cal- 
careous or  earthy  nitre,  is  an  earthy  fait,  which  con- 
firts  of  the  nitric  acid  and  lime.  It  is  found  in  the 
mother-earth  of  nitre-manufactories,  on  old  walls,  and 
mixed  with  true  native  nitre  in  the  kingdom  of  Na- 
ples. The  pureft  is  obtained  by  the  artificial  and 
direct  combination  of  its  conftituent  parts. 

§ CCCXXXI.  It  is  extremely  difficult  to  cryftal- 
lize  this  fait.  The  cryftals  in  that  cafe  reprefent  fix- 
fided  prifms,  with  diaedral  extremities.  It  has  an 
acrid  tafte,  and  deliquefces  very  readily  in  the  open 
air,  by  attracting  from  it  a confiderable  quantity  of 
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JCCCXXXIL  It  is  completely  foluble  in  half  its 
weight  of  cold  water,  and  in  an  equal  part  of  alco- 
hol. Kxpofed  to  fire,  it  fufes,  and  is  decompounded ; 
the  nitric  acid  efcapes  as  fuch  for  the  moft  part,  and 
partly  pafles  off  in  the  (late  of  oxygen  and  nitrogen 
gazes,  when  pure  calcareous  earth  remains,  which 
now  pofTeffes  the  property  of  atirafting  light,  and 
of  being  luminous  in  the  dark.  It  is  known,  from 
its  inventor,  by  the  name  of  Baldwin’s  phofphorus. 

fCCCXXXIIL  One  hundred  parts  of  nitric 
acid  are  faturated  with  96  parts  of  lime,  and  100  parts 
of  the  cryftals  of  nitrate  of  lime  contain  43  parts 
acid,  22  parts  lime,  and  35  parts  water  of  cryflalli- 
zation. 

XXX.  OF  MURIATE  OF  LIME. 

{ CCCXXXIV.  Muriate  of  lime,  or  Glauber’s 
fixed  fal  ammoniac,  is  an  earthy  fait  which  con  lifts 
of  the  muriatic  acid  and  lime.  It  is  found  native  in 
fea-water,  and  in  the  mother-water  of  culinary  fait. 
It  is  likewife  obtained  either  by  direO:  combination, 
or  by  the  decompofition  of  fal  ammoniac  by  quick- 
lime. ( § CCXXXVI.) 

§ CCCXXXV.  The  cryftallization  of  this  fait  is 
attended  with  grea't  difficulty.  Its  cryftals  are  tetrae- 
dral  prifms,  which  poffefs  an  acrid  and  difagreeable 
tafte.  On  expofure  to  the  atmofphere  it  deliquefces 
,in  a very  ffiort  time,  when,  formerly,  it  was  termed 
. oil  of  lime.  In  the  fire  it  readily  meltSj  becomes  dry. 
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and  remains  undecompounded.  During  this  procefs, 
it  obtains  the  property  of  fliining  in  the  dark  ; and  this 
phenomenon  having  been  firft  obferved  by  Homberg, 
it  has  been  termed  Homberg’s  phofphorus. 

§ CCCXXXVI.  One  part  and  a half  of  cold  water 
readily  dilfolveone  part  of  muriate  of  lime  ; and  boil- 
ing water  dilTolves  more  than  its  own  weight.  This 
fait  is  likewife  completely  foluble  in  alcohol. 

§ CCCXXXVIL  Muriate  of  lime  is  decom- 
pounded by  ponderous  earth  and  the  cauftic  fixed 
alkalis,  becaufe  they  have  a greater  affinity  for  the 
muriatic  acid  than  lime.  The  fixed  aerated  alkalis 
likewife  decompound  it  by  double  affinity  ; carbonate 
of  ammoniac,  however,  only  decompofes  it  in  the 
moift  way.  If  a concentrated  folution  of  this  fait  be 
mixed  with  a concentrated  folution  of  mild  pot-afh, 
or  foda,  the  mild  calcareous  earth,  recently  formed, 
abforhs  the  whole  of  the  water,  and,  in  confequence, 
the  mixture  becomes  folid.  This  phenomenon  was 
formerly  termed  Miraculmn  chcmicim, 

5 CCCXXXVni.  One  hundred  parts  of  muriatic 
acid  are  faturated  with  89  parts  of  cauftic  lime;  and 
ioo  parts  of  cryftallized  muriate  of  lime  contain  42 
parts  acid,  38  pans  lime,  and  20  parts  water  of  cryf- 
tailization. 

XXXL  OF  FLUATE  OF  LIME. 

§ CCCXXXIX.  Fluate  of  lime  is  an  earthy  fait 
which  coniifts  of  lime  and  the  fluoric  acid.  It  is 


found  in  great  abundance  in  the  veins  of  metals  in 
England,  Saxony,  Bohemia,  Switzerland,  Harz,  and 
elfewhere.  We  obtain  it  artificially  by  direB:  com- 
bination, but  not  without  great  difficulty ; an  eafier 
way  is  to  decompofe  nitrate  of  lime  by  the  fluoric 
acid. 

§ CeeXL.  Fluor  is  difficultly  foluble  in  water, 
and  is  not  therefore  eafily  cryftallized  by  art.  Its 
cryitals,  in  their  natural  ftate,  appear  generally  in 
the  form  of  cubes.  In  the  fire  it  readily  fufes  into 
a vitreous  mafs,  without  being  decompounded.  It 
likewife  promotes  the  fufion  of  other  earths.  When 
heated  it  emits  a phofphoric  light, 

§ CCCXLI.  One  hundred  parts  of  cryftallized 
fluor  contain,  according  to  Scheele,  i6  parts  acid,  57 
parts  lime,  and  27  parts  water  of  cryftallization. 

XXXII.  OF  BORATE  OF  LIME. 

§ CCCXLII.  The  artificial  combination  of  boracic 
acid  and  lime  produces  borate  of  lime,  an  earthy  fait 
which  has  hitherto  been  but  little  examined.  For 
this  purpofe  either  a folution  of  boracic  acid  is  added 
to  lime  water,  or  boracic  neutral  falts  are  combined 
with  calcareous  neutral  falts. 

§ CCCXLIII.  Borate  of  lime  is  diflblved  in  10 
parts  of  boiling  water,  and,  on  cooling  the  folution, 
Ihoots  into  white  flocculi.  It  has  no  tafte.  In  the 
fire  it  becomes  a vitreous  mafs. 


XXXIII.  OF  CARBONATE  OF  LIME. 

§ CCCXLIV.  Carbonate  of  lime,  aerated  lime, 
mild  calcareous  earth,  or  lime-ftone,  is  a true  earthy 
fait,  arifing  from  the  combination  of  carbonic  acid  and 
lime.  It  is  found  in  ftich  abundance  that  it  may  be 
properly  confidcred  as  a conilituent  part  of  our  earth, 
immenfe  chains  of  mountains  being  formed  by  it.^ — 
On  account  of  its  external  form,  mineralogifts  have 
diftinguiflied  it  by  various  names,  fuch  as  Chalk, 
Marble,  Spar,  See.  It  is  produced  artificially  either 
by  direct  combination,  or  by  the  decompofitioii  of 
neutral  carbonates  by  lime. 

^ CCCXLV.  As  carbonate  of  lime  is  fcarccly  fo- 
luble  in  water,  it  has  never  been  cryftallized  by  art; 
in  nature,  however,  it  is  found  in  a cryhallized  (late, 
under  a great  variety  of  forms.  In  the  fire  it  under- 
goes no  alteration  at  firft,  but,  at  laft,  if  the  heat  be 
intenfe,  it  is  decompounded,  the  acid  efcapes,  and 
the  lime  remains  in  a cauftic  ftate.  Thus  common 
liine-ilone,  when  burnt  in  lime-kilns,  becomes  quick- 
lime. 

§ CCCXLVI.  Almoft  all  acids  decompound  the 
mild  calcareous  earth ; new  calcareous  falts  are 
formed,  and  the  carbonic  acid  paffes  off  in  the  ftate 
of  carbonic  acid  gaz,  whence  arifes  the  efferve- 
fcence. 

5 CCCXLVII.  Water,  when  impregnated  with 
the  carbonic  acid,  diffolves  a much  greater  quantity 
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of  mild  calcareous  earth,  and  forms  acidulous  carbo- 
nate  of  lime.  But,  by  heat  or  repofe,  the  fuperabun- 
dant  carbonic  acid  is  again  feparated,  and  mild  cal- 
careous earth  precipitated. 

XXXIV.  OF  BARYT. 

§ CCCXLVIII.  Baryt,  or  pure  ponderous  earth, 
has  not  hitherto  been  found  in  nature,  for  it  is  always 
combined  either  with  the  fulphuric  acid,  in  the  ftate 
of  ponderous  fpar,  or  with  the  carbonic  acid,  as 
carbonate  of  baryt.  We  produce  it  artificially,  by 
the  decompofition  of  ponderous  fpar  by  fixed  alka- 
lis. To  this  end,  one  part  of  ponderous  fpar,  and 
three  parts  of  mild  pot-afli,  are  put  into  a crucible, 
and  ftrongly  heated  for  fome  time ; the  fulphate  of 
pot-afh  thus  formed,  being  then  wafhed  in  water,  the 
carbonate  of  baryt  remains.  To  afeertain  whether  this 
carbonate  be  perfectly  free  from  undccompofed  pon- 
derous fpar,  we  diffolve  it  in  nitric  acid,  filtrate  the 
folution,  and  precipitate  the  baryt  by  means  of  mild 
foda ; the  carbonic  acid  being  then  expelled  by  cal- 
cination, pure  or  cauftic  ponderous  earth  is  obtained. 

5 CCCXLIX,  Pure  baryt,  like  quicklime,  is  cauf- 
tic.  Its  fpccific  gravity  is  equal  to  4.  It  is  completely 
diffolved  in  900  parts  of  diftilled  water,  and  affords  a 
liquid  fimilar  to  that  of  lime.  In  the  fire  it  does  not 
melt  by  itfelf. 

J 3 


XXXV.  OF  SULPHATE  OF  BARYT. 


§ CCCL.  Sulphate  of  baryt,  or  ponderous  fpar,  is  an 
earthy  fait,  cornpofed  of  the  fulphuric  acid  and  pure 
baryt.  It  is  abundantly  found  in  the  veins  of  metals 
in  almofl  every  part  of  Europe.  We  obtain  it  artifi- 
cially by  the  decompofition  of  other  barytic  falts  by 
the  fulphuric  acid. 

§ CCCLI.  Nature  frequently  affords  this  neutral 
fait  in  acryliallized  ftate,  and  generally,  in  the  form  of 
fmall  rhomboidal  plates.  At  firfi;  it  undergoes  fcarcely 
any  alteration  in  the  fire,  but,  at  length,  it  melts  into 
glafs.  When  heated  it  becomes  luminous  in  the  dark. 
It  is  ahnoll  infolublc  in  water,  at  leaf!:,  it  is  lefs  fo- 
luble  than  gypfum, 

^ CCCLI  I.  Neither  cauRic  alkalis  nor  the  other 
mineral  acids  have  any  acliori  upon  ponderous  fpar. 
Aerated  neutral  faks  decouipofe  it  by  double  affinity, 
for  the  fulphuric  acid  combines  with  the  alkalis,  and 
the  carbonic  acid  with  the  ponderous  earth,  forming 
carbonate  of  baryt, 

J CCCLIIL  According  to  Ilermbfiaedt,  lOO  parts 
of  fulphuric  acid  are  required  for  the  perfefl  fatura- 
lion  of  330  parts  of  ponderous  earth;  and  100  parts 
of  ponderous  earth  contain  30  parts  acid,  67  parts 
baryt,  and  3 parts  water. 


XXXVI.  OF  NITRATE  OF  BARYT. 


{ CCCLIV.  Nitrate  of  baryt,  or  nitrated  baryt, 
is  an  earthy  fait,  confifting  of  the  nitric  acid  and 
ponderous  earth.  It  has  not  hitherto  been  found  in 
nature.  Art  forms  it  either  by  direB;  combination, 
or  the  decompofition  of  carbonate  of  baryt  by  the 
nitric  acid, 

§ CCCLV.  According  to  fome  Chemifts,  the 
cryftals  of  nitrate  of  baryt  are  ßx-ßded  columns ; 
according  to  others,  triaedral  plates.  It  has  an  acrid 
and  bitter  tafte,  and  is  not  changed  in  the  atmo- 
fphere.  It  is  decompounded  in  the  fire  as  well  as 
its  acid ; the  latter  comes  over  in  the  ftate  of  oxy- 
gen and  nitrogen  gazes,  and  pure  ponderous  earth 
remains.  Six  parts  of  cold  water,  at  leaft,  are  re- 
quired for  its  folution. 

5 CCCLVI.  The  other  earths  and  caultic  alkalis 
have  no  effeB  upon  nitrate  of  baryt;  the  mild  alka- 
lis, however,  decompofe  it  by  double  affinity.  The 
nitric  acid  combines  with  the  cauftic  alkalis,  and  the 
carbonic  acid  with  the  ponderous  earth.  It  is  alfo  de- 
compounded by  the  fulphuric  acid,  which,  uniting 
with  the  ponderous  earth,  forms  artificial  ponderous 
fpar,  whilft  the  nitric  acid  is  expelled. 

$ CCCLVI  I.  Nitrate  of  baryt,  on  account  of 
this  latter  property,  is  an  excellent  mean  for  de- 
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telling  fulphuric  acid  in  liquids,  and,  like  nitrate 
of  filver,  may  be  employed  to  purify  the  nitric 
acid  from  fulphuric  acid.  Laftly,  as  nitrate  of  baryt 
decompofes  neutral  fulphates,  it  is  very  ufeful  for 
deteSing  the  prefence  of  fuch  bodies, 

XXXVIL  OF  MURIATE  OF  BARYT. 

J CCCLVIII,  Muriate  of  baryt  is  an  arthy 
fait,  which  arifes  from  the  combination  of  baryt 
and  the  muriatic  acid.  Hitherto  we  have  not  found 
it  in  nature,  but  we  obtain  it  artificially,  either 
by  the  direH  combination  of  its  conftituent  parts, 
or  by  the  decompofition  of  carbonate  of  baryt, 
by  means  of  the  muriatic  acid. 

5 CCCLIX.  Tile  cryfials  of  this  neutral  fait 
are  cubes,  which  remain  unchanged  in  atmofpheric 
air.  and  have  a naufeoiis  and  burning  tafte.  They 
undergo  no  alteration  in  the  fire.  Three  parts  of 
cold  water  are  recpiired  for  their  folution. 

§ CCCLX.  Caufiic  alkalis,  and  alkaline  earths, 
have  no  a6lion  upon  this  fait;  but  mild  alkalis 
decompound  it  by  double  affinity.  It  is  likewife 
decompofed  by  the  fulpliuric  and  fluoric  acids;  and, 
of  all  the  (alts  with  which  we  are  acquainted,  it  is 
the  mofl;  ufeful  for  detecling  the  prefence  of  thofe 
acids. 
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XXXVIIL  OF  CARBONATE  OF  BARYT. 

§ CCCLXI.  Carbonate  of  baryt,  or  aerated  pon- 
derous earth,  is  an  earthy  fait,  formed  of  the  carbonic 
acid  and  pure  ponderous  earth.  It  has  been  found 
ready  formed  near  Anglefark  in  Lancafliire,  and 
near  Strontian  in  Scotland.  It  is  obtained  artificially 
by  the  decompofition  of  mild  alkalis  by  means  of 
pure  ponderous  earth. 

§ CCCLXII.  Though  aerated  ponderous  earth 
be  found  in  nature  in  the  form  of  prifmatic  cryftals 
with  pyramidal  extremities,  yet  we  have  never  been 
able  to  obtain  it  in  that  ftate  by  art.  Its  fpecific  gra- 
vity is  3.773.  It  has  no  tafte,  and  is  not  altered  in 
the  atmofphere.  It  is  decompounded  in  the  fire ; the 
carbonic  acid  efcapes  in  the  ftate  of  gaz,  and  pure 
ponderous  earth  remains.  It  is  almoft  infoluble  in 
water,  for  water,  even  if  it  be  impregnated  with  car- 
bonic acid,  diflblves  no  more  than  _ ^ part  of  it. 

§ CCCLXI  1 1.  All  mineral  acids  decompound 
this  fait ; they  combine  with  the  pure  ponderous  earth, 
and  form  new  neutral  falls,  while  the  carbonic  acid  is 
feparated.  But  no  effe8;  is  produced  upon  it  by  the 
cauftic  alkalis  and  the  other  earths. 

$ CCCLXIV.  One  hundred  parts  of  carbonate 
of  baryt  contain  65  parts  of  pure  baryt^  28  parts  of 
carbonic  acid;  and  7 parts  of  water. 
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XXXIX.  OF  MAGNESIA» 

§ CCCLXV.  Pure  Magnefia,  or  bitter  earth,  has 
not  hitherto  occurred  in  nature,  for  it  is  combined 
either  with  acids  in  the  form  of  earthy  falts,  or  mixed 
with  other  earths,  as  Serpentine,  Steatites,  Talc,  Af- 
bellos,  See,  For  chemical  and  medical  purpofes  it  is 
commonly  prepared  by  the  decompofition  of  bitter 
fait,  by  the  fixed  mild  alkalis,  and  fubfequent  fepara^ 
tion  ot  the  carbonic  acid  by  calcination. 

5 CCCLX  VL  Magnefia  when  pure  and  perfeflly 
free  from  acid  has  no  talte.  It  imparts  a faint  green 
to  blue  vegetable  juices,  and  is  fcarcely  foluble  in 
water,  for  no  Icfs  than  7692  parts  of  it  are  required 
lor  the  complete  folution  of  one  part  of  pure  mag- 
iiefia,  nor  docs  it  become  hot  with  it.  Fire  does 
3)ot  change  it  in  the  leaf};,  and,  if  pure,  it  refills  the 
mofl  intenfe  heat*.  It  is  not  diifolved  by  filiceous 
earth,  b\it  with  calcareous  earth  it  melts  into  glafs 
which  feintiilates  with  heel.  It  vitrihes  alfo  with 
öorax  and  microcofmic  fait. 

XL.  OF  SULPHATE  OF  MAGNESA. 

§ CCCLXVII.  Sulphate  of  magncfia,  Sal  amarus, 
Epfom  fait,  is  an  earthy  fait,  which  confifts  of  the 
fulphuric  acid  and  pure  magnefia.  It  exifts  in  va- 
rious mineral  waters,  fuch  as  the  waters  of  Epfom, 
Seydfehitz,  Eger,  and  others.  It  occurs  likewife,  under 

It  is  laid,  that,  at  Chemnitz  in  Lower  Hungar)',  metallic  re- 
giili  have  lately  been  obtained  from  Chalk,  Baryt,  and  Magnefia. 

T, 
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a folid  form,  in  the  hffures  of  rocks  among  the  Alps 
in  Switzerland,  and  various  other  mountains,  and  in 
the  caverns  near  Jena,  csiWed  Teuf elsloche7~i  Weob^ 
tain  it  artificially  either  by  dire^  combination  or  the 
decompofition  of  fuch  other  earthy  falls  as  contain 
magnefia,  by  the  fulphuric  acid. 

§ GCCLXVIII.  Thecryftalsoffulphateofmag^ 
nefia  are  properly  four-fided  columns,  with  four- 
fided  extremities;  but,  in  general,  it  only  fhoots 
into  fmall  needle-like  cryftals.  It  has  a very  bitter 
tafle,  and  lofes  its  tranfparency  when  in  contafl  with 
the  open  air.  On  expofure  to  fire,  it  parts  with  its 
water  of  cryflallization,  and  falls  to  powder : if  water 
be  then  affufed,  the  fait  eagerly  abforbs  a part  of  it, 
with  developement  of  much  heat,  and  becomes  a folid 
mafs,  which  is  gradually  diflblved  in  the  remaining 
water;  but,  if  the  fait  be  kept  longer  in  the  fire,  it 
melts,  is  decompounded,  and  the  fulphuric  acid  ef- 
capes, 

5 CCCLXIX.  One  thoufand  parts  of  cold  water 
readily  diffolve  about  800  parts  of  fulphate  of  mag- 
nefia ; but  1000  parts  of  this  fait  are  perfectly  dif- 
folved  in  only  666  parts  of  boiling  water. 

, J CCCLXX.  Sulphate  of  magnefia  is  decom- 
pofed  by  pure  calcareous  and  ponderous  earths ; they 
combine  with  the  fulphuric  acid  and  form  gypfum, 
or  ponderous  fpar,  and  the  magnefia  is  feparated. 
If,  therefore,  lime-water  be  poured  into  a folution  of 
fulphate  of  magnefia,  the  precipitate  [.will  confift  of 
gypfum  and  magnefia. 


124 


5 CCCLXXI.  Sulphate  of  magnefia  is  decom- 
pounded by  the  fixed  cauftic  alkalis,  which  combine 
with  its  acid,  and  form  fulphate  of  pot-afh  or  foda, 
and  pure  magneßa  is  precipitated.  Bitter  fait  is  alfo 
decompounded  by  cauftic  ammoniac;  this  body  com- 
bines with  the  fulphuric  acid  and  forms  fulphate  of 
ammoniac,  which,  however,  inftantly  feizes  upon  the 
precipitated  magnefia,  and  forms  a triple  fait.  The 
mild  alkalis  decompofe  fulphate  of  magnefia  by  dou- 
ble affinity;  and,  on  this  occafion,  the  carbonic  acid, 
which  is  fcparated,  unites  with  the  pure  magnefia  and 
forms  carbonate  of  magnefia. 

§ CCCLXXII.  One  hundred  parts  of  fulphuric 
acid  are  faturated  with  8o  parts  of  magnefia,  and  loo 
parts  of  cryftallized  fulphate  of  magnefia  contain  24 
pans  acid,  19  parts  magnefia,  and  .57  parts  water  of 
cryftallization. 

XLI.  OF  NITRATE  OF  MAGNESIA. 

f CCCLXXIII.  Nitrate  of  magnefia,  or  nitrated 
rnagntTia,  is  an  earthy  fait,  'compofed  of  the  nitric 
acid  and  pure  magnefia.  It  is  found  native  in  the 
mother  earth  of  nitre-manufaflories,  and  on  walls. 
We  obtain  it  artificially  either  by  direfl  or  indirefii 
combination. 

^ CCCLXXIV.  It  difficultly  ffioots  into  cryftals 
wduch  are  tetraedral  columns;  its  tafte  is  acrid  and 
bitter,  and  it  deliquefces  in  the  atmofphere.  It  is 
decompounded  in  the  fire;  the  acid  is  expelled  in 
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^he  ftate  of  oxygen  and  nitrogen  gazes,  and  pure 
magnefia  remains.  It  is  readily  diffolved  in  water, 
and,  likewife,  in  fpirit  of  wine ; the  former  diffolves 
its  own  weight. 

{ CCCLXXV.  Nitrate  of  magnefia  is  decom- 
pounded by  quicklime,  pure  baryt,  and  pure  alkalis, 
which  precipitate  pure  magnefia.  The  mild  alkalis 
precipitate  the  magnefia  in  a mild  ftate.  A decom- 
pofition  of  this  fait  is  alfo  effected  by  the  fulphuric 
and  fluoric  acids,  which  combine  with  the  magnefia^ 
and  expel  the  nitric  acid. 

§ CCCLXXVI.  One  hundred  parts  of  nitric 
acid  require  75  parts  of  pure  magnefia  fo^r  perfeQ: 
faturation,  and  100  parts  of  cryftallized  nitrate  of 
magnefia  contain  36  parts  of  acid,  27  parts  of  mag- 
nefia, and  37  parts  water  of  cryftallization. 

XLII.  OF  MURIATE  OF  MAGNESIA. 

§ CCCLXXVII.  Muriate  of  magnefia  is  an  earthy 
fait,  which  confifts  of  the  muriatic  acid  and  pure  mag- 
nefia. In  its  native  ftate  it  is  fbund  in  fea- water, 
in  various  mineral  waters,  and  in  the  mother-earth  of 
nitre  manufaflories.  It  is  produced  artificially^  either 
by  direfl  or  indirefl  combination. 

5 CCCLX XVIII.  Thfs  fait  is  formed  in  very- 
delicate  acicular  cryftals,  which  deliquefce  on  expo- 
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fare  to  the  atmofphercj  and  have  an  acrid  and  bit- 
ter tafte.  Fire  decompofes  it,  the  acid  efcapes,  and 
pure  magnefia  remains. 

§ CCCLXXIX.  It  is  readily  diflblved  in  its  own 
weight  of  water  ; neverthelefs  its  cryftallization  is  at- 
tended with  difficulty,  and  the  liquor,  on  being  cooled, 
generally  forms  a gelatinous  mafs. 

5 CCCLXXX.  This  fait  is  perfeftly  decompofed 
by  quicklime,  pure  baryt,  and  the  fixed  cauftic  alka- 
lis. Vv^itb  pure  ammoniac  it  forms  a triple  fait.  It 
is  alfo  decompofed  by  the  fulphuric  and  nitric  acids, 
and  the  muriatic  acid  is  feparated. 

5 CCCLXXXI.  One  hundred  parts  of  muriatic 
acid  are  completely  faturated  with  71  parts  of  pure 
magnefia,  and  100  parts  of  muriate  of  magnefia 
confifi,  according  to  Bergmann,  of  34  parts  acid,  41 
parts  magnefia,  and  25  parts  of  water  of  cryflal- 
lization. 

,XLI1I.  OF  CARBONATE  OF  MAGNESIA. 

J CCCLXXXII.  Carbonate  of  magnefia,  or 
aerated  magnefia,  is  an  earthy  fait  formed  of  the  car- 
bonic acid  and  pure  magnefia;  We  find  it  in  a ftate 
of  combination  with  other  earths,  in  Serpentine,  Talc, 
&c.  It  is  obtained  artificially  by  the  decompofition 
of  neutral  magnefian  falts 'by  means  of  mild  alkalis. 

5 CCCLXXXI II.  Completely-aerated  magnefia  is 
formed  (but  feidom'}  in  minute  acicular  cryftals.— 
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Its  fpecific  gravity  is  2.155.  It  has  an  earthy  talle, 
and  fuff'ersno  change  in  the  atmofphere.  It  is  decom- 
pounded in  the  fire,  the*  carbonic  acid  is  expelled, 
and  pure  magnefia  remains,  which  has  fuffered  a lofs 
of  weight  equal  to  0.55.  This  fait  is  taken  up  by- 
cold  diftilled  water  in  a proportion  of  _9_,  butifim- 
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prcgnated  with  carbonic  acid 

f CCCLXXXIV.  All  the  other  mineral  acids 
dccompofe  carbonate  of  magnefia  with  effervef- 
cence.  Siliceous  earth,  by  itfelf,  does  not  decom- 
pound it  in  the  dry  way  ; but  mixed  with  filiceous  and 
calcareous  earths,  it  melts  into  a glafs  which  feintii- 
lates  with  ftcel.  • 

5 CCCLXXXV.  One  hundred  parts  of  carbo- 
nate of  magnefia  contain  45  parts  of  pure  mag- 
nefia^  25  parts  of  carbonic  acid,  and  30  parts  of 
water. 

XLIV.  OF  ALUMINE. 

5 CCCLXXXVI.  Alumine,  aluminous  or  argil- 
laceous earth,  has  not  hitherto  been  found  perfetlly 
pure  in  nature,  but  always  in  a ftate  of  mixture  with 
other  earths.  The  pureft  is  found  near  Halle  in  the 
Duchy  of  Magdeburgh.  It  is  eafily  obtained  artifi- 
cially, by  the  dccompofition  of  alum  by  means  of 
alkalis 

§ CCCLXXXVII.  The  fpecific  gravity  of  pure 
alumine  is  2.  It  has  no  tafte,  and  is  infoluble  in  water, 
although  water  divides  it  into  minute  particles,  and 
forms  with  it  a foft  and  tenacious  raafs,  which  is  bap- 


pi1y  adapted  for  the  bafes  of  pigments.  1 1 undergoes  no 
change  in  the  atmofphere,  nor  does  it  attra6l  carbonic 
acid.  In  the  fire  it  is  not  fufed  in  the  leaft,  but  greatly 
diminifhed  in  volume,  whence  the  ingenious  Mr. 
Wedgwood  made  ufe  of  -this  earth  for  his  pyrometer. 
When  fufed  with  three  parts  of  calcareous  earth,  it 
affords  glafs  which  fcintillates  with  Heel.  The 
fixed  alkalis  likewife  diffolve  it  in  the  dry  way,  and 
thus  forms  a mafs  foluble  in  water. 

- XLV.  OF  ALUM. 

§ CCCLXXXVIII.  Alum,  or  fulphateof  alumine, 
is  an  earthy  fait  which  confiHs  of  the  fulphuric  acid 
and  alumine.  Native  alum  is  found  near  the  craters 
of  volcanos,  and  in  fome  mineral- waters.  We  obtain 
it  artificially,  either  by  direft  combination,  or  by  the 
rcdu61ion  of  aluminous  pyrites. 

§ CCCLXXXIX.  Thefe  minerals  always  contain 
the  chief  conllitucnts  of  ahtm  in  an  uncombined 
ftatc.  The  fulphuric  acid  appears  in  the  form  of  ful- 
phur,  and  the  alumine  is  combined  with  various  other 
bodies.  But,  during  the  efflorefcence,  the  fulphur 
combines  with  the  oxygen  of  the  atmofphere,  and 
forms  fulphuric  acid,  which,  uniting  with  the  alumine, 
becomes  alum.  To  accelerate  this  procefs,  a large 
quantity  of  the  minerals  fliould  be  previoufly  roafted 
by  a gentle  heat,  to  purify  them  from  all  refmous 
matter. 

§ CCCXC.  The  fulphuric  acid,  generated  in  the 
manner  defcribed,  combines  not  only  with  the 


129 

alumine,  but  alfo  with  the  calcareous  earth,  magnefia, 
and  iron  of  the  minerals,  and  produces  gypfum,  ful- 
phate  of  magnefia,  and  fulphate  of  iron.  The  alum 
is  feparated  from  thefe  bodies  by  cryftallization  ;;  the 
gypfum  is  precipitated  during  evaporation,  and  the 
fulphates  of  magnefia  and  of  iron  remain  in  the  lie. 

} CCCXCI.  Befides  thofe  impurities,  the  firft 
lixivium  of  alum  contains  alfo  a certain  portion  of 
fuperabundant  fulphuric  acid,  which  impedes  the  cryf- 
tallization of  the  alum.  This  is  generally  faturated  with 
pot-afh.  Neverthelefs  the  alum  of  the  (hops  is  not 
only  fuperfaturated  with  fulphuric  acid,  but  alfo 
mixed  with  fulphate  of  pot-afli. 

5 CCCXCII.  The  cryftals  of  alum  are  oQaedrons 
of  a fweetifh  aftringent  tafle,  which  efflorefce  in  a 
flight  degree  when  in  contafl  with  the  atmofphere,  and 
change  the  infufion  of  violets  red.  On  expofure 
to  fire  they  liquefy  very  readily,  lofe  their  water  of 
cryftallization  with  confiderable  intumefcence,  and 
form  a dry,  friable,  and  fpongy  fubflance,  termed 
burnt  alum.  It  is  decompounded  if  the  heat  be 
more  intenfe,  its  acid  is  difhpated,  and  alumine  re- 
mains. It  requires  34  parts  of  cold,  and  16  parts 
of  boiling  water  for  folution. 

5 CCCXCIII.  Alum  is  decompounded  by 
lime,  baryt,  and  magnefia,  which  combine  with  the 
fulphuric  acid,  and  precipitate  the  alumine.  The 
fame  effeft  is  produced  by  pure  alkalis,  but,  if  they 
be  added  to  excefs,  the  alumine  which  was  precipi- 
tated is  re-diflblved. 
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§ CCCXCIV.  If  a foludon  of  common  alum  be 
boiled  with  a fmall  portion  of  alumine,  the  alum  ap- 
pears not  only  to  be  perfe8:ly  faturated  with  the  earth, 
but  to  be  fuperfaturated.  The  lixivium  is  then  almoft 
taftelefs,  and  when  at  reft  depofits  cryftals  of  a cubic 
form. 

J CCCXCV.  One  hundred  parts  of  fulphuric  acid 
are  faturated  with  75  parts  of  alumine,  and  100  parts 
,of  the  cryftals  of  alum  contain  24  parts  acid,  18  parts 
alumine,  and  58  parts  of  water  of  cryftallization, 

XLVI.  OF  THE  OTHER  ALUMINOUS 
NEUTRAL  SALTS. 

§ CCCXCVI.  The  combination  of  100  parts  of 
nitric  acid  and  65  parts  of  alumine  produces  an 
earthy  fait,  viz.  nitrate  of  alumine,  the  cryftals  of 
which  reprefent  fmall  prifms ; they  have  an  aftringent 
tafte,  and  deliquefce  in  the  atmofphere.  In  the  fire 
they  fwell,  and  are,  at  laft,  decompounded,  on  which 
occafion  their  acid  efcapes  in  the  ftate  of  oxygen  and 
nitrogen  gazes. 

J CCCXCVII.  One  hundred  parts  of  muriatic 
acid,  combined  with  55  parts  of  alumine,  afford  an 
earthy  fait,  known  by  the  name  of  muriate  of  alu- 
mine. It  is  difficultly  cryftallizable.  If  the  lixivium 
be  evaporated  to  drynefs,  there  generally  remains 
a mafs  fimilar  to  gum,  which  has  a faline  aftringent 
tafte,  and  is  very  deliquefcent  in  the  atmofphere*-— 


Expofed  to  fire,  it  lofes  its  acid  and  is  decom- 
pounded. 

§ CCCXCVIII.  If  a folution  of  mild  pot-afh,  or 
foda,  be  poured  into  a folution  of  common  alum,  no 
immediate  precipitation  takes  place,  but  the  carbonic 
acid,  feparated  from  . the  alkalis,  combines  with  the 
alumine,  and  produces  a neutral  fait  foluble  in  water, 
but  which  is  decompounded  when  at  reft,  pure  alumine 
being  precipitated,  and  the  carbonic  acid  expelled. 
This  carbonate  of  alumine  is  faid  to  be  alfo  a natural 
produft*. 

XLVII.  OF  SILEX. 

§ CCCXCIX.  Silex,  or  filiceous  earth,  occurs 
more  frequently  and  much  purer  in  nature  than 
the  other  earths.  Mineralogifts  have  diftinguifhed  it 
by  various  names,  according  to  its  external  appear- 
ance, and  its  greater  or  lefs  purity.  Thofe  earths 
and  ftones  which  contain  it  in  abundance  are  termed 
vitrifiable  earths  and  ftones.  It  is  found  Hill  purer 
in  what  is  termed  w'hite  quarz. 

5 CCCC.  No  fpecies  of  filex  is  perfeftly  pure ; 
it  is  mixed  either  with  metals  or  other  earths.  In 
order,  therefore,  to  obtain  pure  filex  for  chemical 
purpofes,  we  reduce  one  part  of  quarz  to  an  impal- 
pable powder,  and  fufe  it  in  a crucible  with  four 
parts  of  pure  pot-afh,  by  which  means  we  obtain  a 
vitreous  mafs,  which  fpeedily  deliquefces  in  the  at- 
mofphere,  and  which,  diffblved  in  two  parts  of  water, 
furniflies  the  liquor  of  flints.  This  liquor,  being  di- 
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luted  with  24  parts  of  water,  nitric  acid  is  fuc- 
ceffively  added,  till  the  mixture  becomes  acid  to  the 
tafte.  It  is  then  evaporated,  and  we  find  that  the 
refidue  is  a delicate  powder,  which,  walhed  and  edul^ 
CO  rated,  forms  pure  filex, 

§ CCCCL  If  the  liquor  of  flints,  above-mentioned, 
be  diluted  with  a fmall  quantity  of  water  only,  and 
an  acid  be  then  added,  the  filex  is  immediately  fepa- 
rated  in  the  form  of  a vifcous  mafs,  which  is  diffi- 
cultly feparated  from  the  remaining  liquid. 

J CCCCII.  The  hardnefs  of  filex  is  fuch  as  to 
fcintillate  with  fteel.  Its  fpecific  gravity  is  2.265. 
It  fuffers  no  change  in  the  atmofphere,  and,  if  per- 
feclly  pure,  may  be  expofed  to  the  moft  violent  heat 
without  being  fufed.  It  is  almoft  infoluble  in  water, 
for  100,000  parts  of  water  can  hold  no  more  than 
one  part  of  filex  in  folution. 

5 CCCCIII.  Silex  is  neither  eroded  nor  diflblved 
by  any  acid,  the  fluoric  acid  excepted.  I'he  cauftic 
fixed  alkalis  tUlfoive  it  in  the  dry  way.  Two  parts 
of  filex,  combined  with  one  part  of  alkali,, form  a 
mafs  infoluble  in  water,  termed  glafs.  But  four  parts 
of  alkali,  and  one  part  of  filex,  afford  a glafs  which 
is  foluble  in  water.  CCCC.)  It  alio  combines 
with  lime,  and  thus  produces  an  opaque  glafs. 

5 CCCCIV.  In  the  moift  way,  filex  is  difiblved  by 
the  cauftic  alkalis,  for  fix  or  feven  parts  of  thefe  hold 
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one  part  of  filex  in  folution;  but,  on  the  addition  of 
carbonic,  or  other  acids,  the  filex  is  again  feparated. 

XLVIII.  OF  JARGON. 

§ CCCCV.  The  celebrated  Klaproth  in  analy- 
zing the  precious  ftone  known  to  mineralogifts  by 
the  name  of  jargon,  difcovered  a peculiar  fpecies  of 
earth  as  one  of  its  conftituent  parts,  which  differs 
in  its  chemical  properties  from  all  the  other  known 
earths,  and  to  which  he  gave  the  name  of  Terra 
circonia. 

{ CCCCVI.  This  earth  is  not  diffolved  by  the 
cauftic  alkalis  either  in  the  dry  or  moift  way.  The 
fulphuric  acid,  however,  diflblves  it  completely  with- 
out effervefcence,  and  forms,  after  evaporation,  a 
pultaceous  mafs  with  it.  If  it  be  fuperfaturated  with 
this  acid,  it  becomes  a cryftallizable  fait  of  an  aftrin- 
gent  talle.  Borax  dilfolves  it  in  the  dry  way. 

XLIX.  OF  THE  EARTH  OF  ADAMANTINE 
SPAR. 

} CCCCVII.  Adamantine  fpar,  according  to 
Klaproth,  confifts  of  argil  and  a peculiar  fpecies  of 
earth,  which  differs  from  all  the  other  known  earths 
in  its  property  of  not  being  diffolved  by  acids  in 
the  moift  way,  nor  by  the  alkalis  in  the  dry  way. 
Klaproth  termed  it  Earth  of  adamantine  fpar.  Its 
properties  are  not  yet  accurately  afeertained. 

Since  the  original  was  publilhed  (1793)  a new  earth  has  been 
difcovered  in  the  mines  of  Strontian,  in  Argylefhire,  termed  Stron- 
tite  or  Strontian  earth.  It  has  a pungent  acrid  tafte,  is  foluble  both 
in  hot  and  cold  water,  but  more  readily  in  the  former,  and  cryftal- 
lizes  on  cooling  the  folution.  It  attrads  carbonic  acid  from  the 
atmofphere,  and  combines  with  various  acids.  Vide  the  T ra?ifac^ 
tiQni  of  the  Rojal  So&iety  of  Edinburgh^  T. 
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L.  OF  INFLAMMABLE  BODIES. 

§ CCCCVIII.  Though,  ftriQly  fpeaking,  all  bo- 
dies may  be  laid  to  be  combuftible  which  are  capable 
of  combining  with  oxygen,  yet,  in  this  place,  we  dif- 
tinguifh  by  that  name  fuch  bodies  of  the  mineral  king- 
dom only  as  burn  with  facility  and  flame  in  an  increafed 
temperature.  Thefe  may  be  divided  into  Ample  and 
compound.  The  diamond  and  fulphur  belong  to  the 
former,  and,  to  the  latter,  folid  and  liquid  bitumens. 

LI.  OF  THE  DIAMOND. 

5 CCCCIX.  The  diamond  is  found  in  the  king- 
doms of  Vifapour  and  Golconda  in  the  Eafl:  Indies, 
and,  likewife,  in  Brazil.  It  appears  in  the  form  of 
oBaedral,  dodecaedral,  and  icofaedral  cryftals,  and 
generally  furrounded  by  an  earthy  cruft.  This  pre- 
cious ftone  was  formerly  ranked  among  vitreous 
bodies ; but,  it  has  been  fince  proved  by  experiments 
that  it  is,  in  reality,  an  inflammable  fubftance.  We 
are  not,  however,  acquainted  with  its  conftituent 
parts,  and  all  we  know  of  its  properties  is  limited 
to  this. 

§ CCCCX.  The  diamond  is  one  of  the  hardeft 
bodies  in  nature.  It  fpecific  gravity  is  3.5212.  It 
reflefls  the  rays  of  light  in  a triple  ratio  of  its  denfity. 
It  diflilates  when  fuddenly  expofed  to  fire ; but,  if  it  be 
heated  gradually,  it  burns  flowly,  and  with  a phofpho- 
ric  light  in  the  temperature  at  which  filver  melts, 
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without  the  fmalleft  refidue.  If  the  combuftion 
take  place  in  a clofe  veflel,  it  produces  a very  fmall 
quantity  of  carbonic  acid.  But,  neither  water,  fpirit 
of  wine,  oils,  nor  falts,  either  in  the  dry  or  moift  way, 
have  the  lead  effebl  upon  it. 

LII.  OF  SULPHUR. 

§ CCCCXI.  Nature  abounds  with  fulphur,  both 
pure  and  in  a ftate  of  mixture  with  other  bodies. 
The  former  is  found  near  the  craters  of  volcanos,  and 
the  fources  of  fome  mineral  waters ; and,  in  larger 
maffes,  mixed  with  gypfum  and  calcareous  earth,  in 
Sicily,  Spain,  Switzerland,  and  other  countries.  The 
latter  is  found  in  metallic  ores,  and,  combined  with 
hydrogen  and  lime,  in  various  mineral  waters.  The 
fulphur  of  commerce  is  either  fuch  as  is  found  ready 
formed,  or  fuch  as  is  extra6led  from  copper  or  iron 
pyrites.  Of  late  it  has  been  afferted,  that  fulphur  is 
often  feparated  during  the  putrefaction  of  animal  and 
vegetable  matter,  and  even  that  it  has  been  extraCled 
from  them  by  chemical  means. 

{ CCCCXI  I.  Sulphur  has  a yellow  colour,  and 
polTefles  neither  tafte  nor  fmell.  Its  fpecific  gravity 
is  from  i.  900.  to  2.  350.  It  undergoes  no  change  in 
air,  and  is  infoluble  in  w^ater.  Spirit  of  wine  does  not 
diffolve  it,  unlefs  both  bodies  be  reduced  to  the  ftate 
of  gaz ; in  this  cafe,  12  parts  of  fpirit  of  wine  dif- 
folve one  part  of  fulphur. 

5 CCCCXIII.  A gentle  heat  changes  it  into 
phofphorefcent  vapours;  but,  if  the  heat  be  increafed, 
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it  becomes  foFt,  fuFes,  and  affiimes  a red  colour,  and, 
when  cooled,  fhoots  into  acicular  cryftals.  As  the 
earthy  particles  with  which  the  fulphur  is  mixed  are 
not  volatile,  it  can  be  purified  by  fublimation,  when 
flowers  of  fulphur  are  obtained.  This  operation  is 
iifually  performed  in  veflels  called  aludels. 

§ CCCCXI V.  If  fulphur  be  more  ftrongly  heated 
in  an  open  veffel,  it  accends  with  a blue  flame.  This 
coinbuftion  abfolutely  requires  a freeaccefsof  atmof- 
pheric  air.  ' The  vapours,  which  then  arife,  are  very 
fuffocating,  and,  collefted  in  a proper  apparatus, 
confiitute  an  aeriform  acid  of  a peculiar  kind,  termed 
fulphuric  or  vitriolic  acid.  Sulphur,  till  within  thefe 
few  years,  ’was  thought  to  be  a compound  body,  the 
conftituent  parts  of  which  were  faid  to  be  vitriolic 
acid  and  phlogilton;  but,  it  can  now  be  demonftrated 
by  experiment,  that  fulphur  is  a Ample  body,  which, 
during  combufiion,  or,  in  other  words,  during  its  com- 
bination with  oxygen,  produces  fulphuric  acid. 

LIII.  OF  ACIDS  OF  SULPHUR  IN 
GENERAL. 

§ CCCCXV.  Sulphuric  or  vitriolic  acid  confifts, 
therefore,  of  fulphur,  which  conftitutes  its  bafis,  and 
of  oxygen.  It  frequently  occurs  in  combination 
with  alkalis,  earths,  and  metals;  bat  feldom  in  a ftate 
of  purity,  and  whether  at  all  has  been  doubted.  For 
chemical,  medical,  and  other  purpofes,  it  is  obtained 
by  the  combufiion  of  fulphur,  and  the  decompofition 
of  metallic  and  earthy  fulphuric  acid  falts  by  fire. 

CCCCXVI.  Hence,  if  calcined  fulphate  of  iron 
be  difiilled  in  an  earthen  or  glafs  retort,  carefully 


luted,  the  fulphuric  acid,  ftill  united  with  the  remain- 
ing water  of  cry{lallization,is  obtained  in  the  receiver, 
and  a red  oxide  of  iron  is  left  in  the  retort.  It  can 
be  produced  in  the  fame  manner  from  alum,  but,  in 
this  cafe,  the  refidue  is  pure  alumine.  Concentrated 
fulphuric  acid,  obtained  by  this  procefs,  is  commonly 
termed  oil  of  vitriol,  or  oil  of  alum. 

5 CCCCXVII.  But,  if  fulphur  be  burned  under  a 
fpacious  bell-glafs,  the  internal  furface  of  which  being 
moiftened  by  the  vapours  of  water,  the  fulphuric  acid, 
formed  by  the  combuftion  of  the  fulphur,  combines 
with  the  water  which  adheres  to  the  bell,  andpalTes  into 
the  receiver,  and  is  now  termed  fpirit  of  fulphur  by 
the  bell.  For  commerce,  this  acid  is  prepared  by 
burning  fulphur  in  a large  receptacle,  coated  on  the 
infide  with  fheets  of  lead,  and  furniflied  at  the  bottom 
with  a fufficient  quantity  of  water. 

§ CCCCXVIII.  Sulphuric  acid  is  likewife  ob- 
tained by  repeatedly  diftilling  pure  nitric  acid  upon 
powdered  fulphur.  During  this  diftillation  a conli- 
derable  portion  of  nitrous  gaz  is  fucceffively  difen- 
gaged,  and^  at  length,  pure  fulphuric  acid  is  left  in  the 
retort.  On  this  occafion  the  nitric  acid  is  decom- 
pounded; for  one  part  of  its  oxygen  combines  with 
the  fulphur,  and  forms  fulphuric  acid,  while  the  other 
part  or  the  nitrous  gaz  efcapes. 

5 CCCCXIX.  Sulphur  is  capable  of  combining 
with  oxygen  in  various  proportions,  and  for  this  reafon 
we  have  perfeft  acid  of  fulphur,  or  fulphuric  acid, 


and  imperfecl  acid  of  fulphur,  or  falpbureous  add; 
As  tbefe  acids  differ  from  each  other  in  many  of  their 
properties,  it  will  be  right  to  treat  of  them  under  dif- 
ferent heads. 

LIV.  OF  THE  SULPHURIC  ACID. 

^ CCCCXX.  To  obtain  the  fulphuric  acid,  or 
perfed  acid  of  falphur  in  a very  pure  ftate,  oil  of 
vitriol,  fuch  as  is  ufually  had  at  the  fhops,  is  diftilled 
in  a glafs  retort.  At  fird,  a brownifli  liquor  pafles 
over  into  the  receiver,  which,  being  feparated  and 
kept  in  a clofe  veffel,  fitoots,  by  refrigeration,  into 
glacial  cryflals  on  the  fides  of  the  vefl’el,  formerly 
termed  volatile  fait  of  vitriol.  This  liquor  is  fuc- 
ceeded  by  the  water  of  the  oil  of  vitriol,  and,  laftly, 
on  increafing  the  heat,  by  very  pure  fulphuric  acid.' 
The  cryftalhzable  liquor  before  mentioned  is  not  al- 
ways obtained,  and  generally  only  from  the  oil  of 
vitriol  prepared  from  fulphate  of  iron. 

i CCCCXX  I.  This  pure  fulphuric  acid  is  co- 
loLirlefs,  like  water,  and  has  no  taftc;  its  fpecific 
gravity  is  from  1.900.  to  2,125.  It  attrads  moifture 
from  the  atmofphere  with  great  avidity.  If  highly 
concentrated,  it  congeals  even  at  a temperature  of 
15^.  and  becomes  a cryltalline  mafs,  formerly  termed 
glacial  oil  of  vitriol.  It  requires  an  intenfe  heat  to  be 
rendered  volatile,  when  it  rifes  in  the  form  of  wdiite 
and  fu locating  vapours.  Mixed  wdth  water,  it  be- 
comes hot,  and  is  then  termed  fpirit  of  vitriol. 

5 CCCCXXII.  All  combuftible  bodies,  of  any  of 
the  three  kingdoms,  decompofe  the  fulphuric  acid 
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when  brought  into  conta8:  with  it  at  a proper  tempe- 
rature. The  oxygen  of  the  fulphuric  acid  combines 
either  wholly,  or  in  part,  with  the  combuftible  body, 
and,  therefore,  what  remains  is  either  fulphureous 
acid  or  fulphur  itfelf. 

§ CCCCXXIII.  The  fulphuric  acid  abforbs  car- 
bonic acid  gaz  in  confiderable  quantity,  and  combines 
with  it.  Mixed  with  the  muriatic  acid,  it  becomes 
hot,  and  emits  muriatic  acid  vapours.  It  alfo  com- 
bines with  the  nitric  acid. 

§ CCCCXXIV,  According,  to  Bertholet,  loo 
parts  of  pure  fulphuric  acid  confifl  of  from  6g  to  72 
parts  of  fulphur,  and  from  28  to  31  parts  of  oxygen. 

LV.  OF  THE  SULPHUREOUS  ACID. 

§ CCCCXXV.  If,  in  a glafs  retort,  concentrated 
fulphuric  acid  be  poured  upon  pure  mercury,  and 
heated,  a gaz  is  feparated,  which  can  be  received  in 
the  hydrargyropneumatic  apparatus,  known  by  the 
name  of  fulphureous  acid  gaz.  In  the  retort  there 
remains  a dry  white  fubhance,  which  is  a compound 
of  the  fulphuric  acid  and  oxide  of  mercury.  During 
this  procefs,  a part  of  the  acid  is  decompounded,  its 
oxygen  combines  with  the  mercury,  and  forms  an 
oxide  which  is  thus  dilTolved  by  the  remaining  ful- 
phuric acid,  and,  therefore,  the  fulphuric  acid,  dc- 
compofed  by  being  in  a great  meafure  deprived  of  its 
oxygen,  comes  over  in  the  ftate  of  fulphureous  add 
gaz. 
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5 CCCCXXVL  Sulphureous  acid  gaz  is  equall]r 
formed  whenever  combuftible  bodies  are  treated  with 
iulphuric  acid,  at  a fuitable  temperature.  In  this 
cafe,  the  fulphuric  acid  is  always  decompofed,  for  a 
part  of  its  oxygen  combines  with  the  combuftible 
body,  and  thus  the  acid  itfelf  becomes  imperfe6t. 

§ CCCCXXVII.  This  gazeous  body  is  much 
heavier  than  atmofpheric  air.  A cubic  inch  weighs 
1.038  of  a grain.  It  is  highly  detrimental  to  animal 
life,  and  burning  bodies  are  extinguiflied  by  it  in  an 
inftant.  It  changes  the  infufion  of  violets  firft  red, 
and  afterwards  deftroys  their  colour.  It  is  flowly 
abforbed  by  water,  and  the  acidulous  liquor,  thus 
obtained,  is  fulphureous  acid  in  a liquid  ftate. 

5 CCCCXXVIll.  This  liquid  fulphureous  acid  is 
much  more  readily  obtained,  either  by  the  folution 
of  volatile  fait  of  vitriol,  CCCCXX.)  or  by  di- 
gefting  animal  and  vegetable  matter  in  pure  fulphuric 
acid.  (^CCCCXXII.)  But  the  moft  eafy  method 
of  obtaining  it  is  by  means  of  a direB;  combination, 
tliat  is,  when  a certain  portion  of  fulphur  is  diflblved 
in  pure  fulphuric  acid ; in  either  cafe  it  is  frequently 
termed  volatile  fpirit  of  fulphur. 

S CCCCXX IX.  Sulphureous  acid  has  a black  or 
dark  brown  colour,  and  emits  a continued  cloud  of 
white  and  fuffocating  vapours.  It  becomes  very  hot 
when  mixed  with  water,  in  confequence  of  which 
fulphureous  acid  gaz  is  difengaged,  and  diluted  ni- 
tric acid  remains.  Upon  this  principle  apothecaries 
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prepare  fpirit  of  vitriol  by  diluting  common  oil  of 
vitriol  with  a fufficient  quantity  of  water. 

} CCCCXXX.  By  means  of  nitrous  gaz,  the  vo- 
latile fpirit  of  fulphur  obtains  a folid  'and  glacial 
form,  which  accounts  for  the  appearance  of  glacial  oil 
of  vitriol  towards  the  end  of  a diftillation  of  aqua 
fortis  with  fulphate  of  iron.  i 

LVI.  OF  SULPHURETS. 

5 CCCCXXXI.  Both  the  fixed  and  volatile  alka- 
lis, and  all  the  alkaline  .earths,  except  alumine,  are 
capable  of  combining  with  fulphur,  and  of  forming 
peculiar  compounds,  which  Chemifts  have  diftin- 
guifhed  by  the  name  of  fulphurets  or  livers  of  fulphur, 
and  which  feverally  differ  in  their  properties  accord- 
ing to  the  alkaline  bafes  employed. 

LVII.  OF  THE  SULPHURETS  OF  POTASH 
AND  SODA. 

§ CCCCXXXII.  If  two  or  three  parts  of  pure 
dry  pot-afh,  or  foda,  be  well  mixed  in  a glafs  mortar 
with  one  part  of  fulphur,  afterwards  melted  in  a cru- 
cible, and  then  poured  upon  a ftone  table,  we  fhali 
obtain  a mafs  of  a brown  hepatic  colour,  which  has 
received  the  name  of  alkaline  liver  of  fulphur,  or 
fulphuret  of  pot-afh  or  foda.  This  fub fiance  is  like- 
wife  formed  when  arcanum  duplicatum  or  fal  adini- 
rabilis  is  calcined  with  powdered  carbon  in  a crucible ; 
for,  during  this  procefs,  the  carbon  combines  with 
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the  oxygen  of  the  fulphuric  acid,  and  forms  carbonic 
acid,  which  is  difiipated  in  the  ftate  of  gaz;  and  the 
remaining  fulphur,  combining  with  the  alkali,  be- 
comes liver  of  fulphur. 

§ CCCCXXXIII.  liver  of  fulphur  has  a brown 
hepatic  colour;  it  readily  attraQs  moifture  from  the 
atmofphere,  whence  it  acquires  the  odour  of  putrid 
eggs;  it  is  eafily  dilfolved  in  water,  on  which  oc- 
cafioii  a peculiar  gaz,  termed  hepatic  gaz,  is  fepa- 
rated.  This  gazeous  fluid  is  a true  inflammable 
air,  containing  fulphur,  and  termed,  on  this  account, 
by  modern  Chemifls,  fulphurated  hydrogen  gaz. 

§ CCCCXXXIV.  The  colour  of  the  folution  of 
the  fulphuret  is  either  a deep  fcarlet  or  greenifli, 
according  as  the  fulphuret  is  recent  or  old.  The 
folution,  when  cooled,  depofits  acicular  cryftals.  On 
expofure  to  the  atmofphere  it  becomes  gradually 
turbid,  its  furface  is  covered  with  a pellicle,  and  a 
fmall  quantity  of  fulphur  is  feparated.  This  fulphur 
combines  with  the  oxygen  of  the  atmofphere,  and 
forms  fulphuric  acid;  and  thus  the  fulphuret  is  gra- 
dually changed  into  arcanum  duplicatum,  or  fal  mi- 
rabilis.  As  this  change  is  proportioned  to  the 
oxygen  contained  in  the  atmofphere,  fulphurets  have 
been  employed  by  Scheele,  as  an  eudiometer.  The 
above  change  is  greatly  facilitated  by  heat. 

{ CCCCXXXV.  Ail  acids  diffolve  fulphurets; 
they  combine  with  their  alkalis,  and  produce  neu- 
tral falts,  and  the  fulphur  itielf  is  precipitated  in  the 
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form  of  a white  and  impalpable  powder.  If  an 
aqueous  folution  of  fulphuret  be  decompounded  by 
the  acetic  acid,  the  liquor  aflumes  a milky  colour; 
for  which  reafon  the  ancient  Chemifls  termed  it 
cream  of  fulphur.  Scarcely  any  precipitate  is  formed 
by  the  oxygenated  muriatic  acid,  becaufe  the  fuper- 
abundant  oxygen,  in  this  cafe,  combines  with  the 
fulphur,  which  is  difengaged,  changing  it  into  ful- 
phuric  acid.  During  thefe  decompofitions  a greater 
or  lefs  quantity  of  hepatic  gaz  is  always  generated. 

§ CCCCXXXVI.  As  liver  of  fulphur,  recently 
prepared  and  perfeöly  dry,  does  not  contain  hepatic 
gaz,  and  as  this  gaz  is  produced  only  either  during 
the  folution  of  the  fulphuret  in  water,  its  deliquef- 
cence  in  the  atmofphere,  or  decompohtion  by  acids, 
it  is  evident,  that  the  water,  prefent  in  all  thefe  cafes, 
contributes  to  the  formation  of  hepatic  gaz.  Hence 
it  appears,  that  the  oxygen  of  the  water  combines 
with  one  part  of  the  fulphur,  and  forms  fulphuric 
acid,  and  that  the  other  part  of  the  fulphur  is  dif 
folved  by  the  hydrogen,  and  thus  changed  into  he- 
patic gaz.  But,  as  this  phenomenon  is  not  obferved 
when  pure  fulphur  is  treated  with  water,  it  follows, 
that  the  affinity  of  the  alkali,  contained  in  the  fuU 
phur,  co-operates  to  form  the  fulphuric  acid  during 
fuch  change. 

5 CCCCXXXVI  I.  The  conftituent  parts  of  he- 
patic gaz  are  demonftrated  from  its  dire6t  compofi- 
tion;  for,  if  fulphur  be  fufed  in  a bell-glafs,  filed 
with  hydrogen  gaz,  by  means  of  a burning  lens,  the 
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fulphur  is  gradually  difToived,  and  the  gaz  becomes 
hepatic.  It  is  alfo  produced  if  iron  pyrites,  or  a 
mixture  of  iron  and  fulphur,  be  diflblved  in  diluted 
nitric  acid. 

§ CCCCXXXVIII.  Hepatic  gaz  is  heavier  than 
atmofpheric  air,  and  has  a peculiar  fmell,  which  re- 
fembles  that  of  putrid  eggs.  It  is  abforbed  by  water; 
for  100  cubic  inches  of  water  imbibe  6o  of  hepatic 
gaz.  Accended  in  contafl  with  oxygen  gaz,  or  at- 
mofpheric air,  its  flame  is  of  a blue  colour. 

J CCCCXXXIX.  This  gaz,  if  mixed  with  atmof- 
pheric air,  or  oxygen  gaz,  is  flowly  decompounded ; 
its  hydrogen  combines  with  oxygen,  and  forms  water, 
and  the  fulphur  is  precipitated.  Hepatic  gaz,  dif- 
folved  in  water,  is  decompounded  upon  the  fame 
principle,  and  this  fhews  the  reafon  why  mineral 
waters,  impregnated  with  native  hepatic  gaz,  always 
depofit  a certain  quantity  of  fulphur.  The  fulphu- 
reous,  nitrous,  and  oxygenated  muriatic  acids,  on 
account  of  their  weak  affinity  for  oxygen,  decom- 
pofe  hepatic  gaz  ftill  more  rapidly;  and  we  have 
thus  found,  that  one  cubic  inch  of  hepatic  gaz  con- 
tains i'8th  of  a grain  of  fulphur. 

LVIII.  OF  SULPHURET  OF  AMMONIAC. 

^ CCCCXL.  Though  pure  ammoniac,  or  the 
cauflic  volatile  alkali,  aüs  dire6lly,  in  a fmail  degree, 
upon  fulphur,  yet,  as  this  combination  cannot  be 
promoted  by  heat,  on  account  of  the  great  volatility 
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öf  pure  amilioniac,  we  are  obliged  to  halten  the 
combination  by  other  artificial  means.  Six  parts  of 
quicklime,  two  parts  of  purified  fal  ammoniac,  and 
one  part  of  fulphur,  therefore,  being  well  mixed,  and 
difiilled'in  a glafs  retort,  adapted  to  Woulfe’s  appa- 
ratus, with  water,  produce  a yellow  and  fuming 
liquor,  which,  from  its  inventor,  was  termed  Boyle’s, 
or  Beguine’s,  fuming  fpirit,  but  which  is  now  called 
fulphuret  of  ammoniac.  During  this  procefs,  the 
fal  ammoniac  is  decompounded  by  the  quicklime, 
and  the  ammoniac,  difengaged  in  die  ftate  of  gaz, 
difiblves  the  fulphur  at  the  fame  time,  and  forms 
volatile  liver  of  fulphur,  or  fulphuret  of  ammoniac. 

^ CCCCXLI.  Sulphuret  of  ammoniac  is  of  a deep 
yellow  colour,  and,  in  contaQ:  with  the  atmofphere, 
continually  exhales  white  vapours.  Oftentimes  it 
gradually  depofits  fmall  needle  like  cryftals,  which 
re fle6l  various  colours,  and  appear  to  be  fulphuret 
of  ammoniac  in  a folid  date.  It  is  decompounded  by 
heat,  quicklime,  and  the  fixed  alkalis. 

5 CCCCXLII.  Sulphuret  of  ammoniac,  like  ful- 
phuret of  pot-alli  or  foda,  is  decompounded  by 
acids,  which  precipitate  the  fulphur,  whilft  a very 
inflammable  hepatic  gaz  is  difengaged.  But,  if  this 
decompofition  be  attempted  by  concentrated  fill* 
phuric  acid,  the  heat  and  effervefcence  produced  is 
fo  great  as  not  only  to  throw  the  whole  mixture  out 
of  the  veffel,  but  even  to  break  the  velfel  itfelf. 
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LIX.  OF  SULPHURET  OF  LIME, 

5 CCCCXLIIL  Pure  lime  readily  combines  with 
fulphur,  both  in  the  moift  and  dry  way,  and  forms 
lulphuret  or  hepar  of  lime.  It  is  prepared  in  the 
dry  way  by  calcining  two  parts  of  quicklime  and 
one  part  of  fulphur : but,  if  water  be  poured  upon 
a mixture  of  lime  and  fulphur,  the  fpontaneous  heat, 
thus  excited,  will  be  fufficient  to  combine  the  lime 
with  the  fulphur;  and,  by  filtrating  this  mafs,  we 
fhall  obtain  an  aqueous  folution  of  fulphuret  of 
lime. 

{ CCCCXLIV.  Recent  and  dry  fulphuret  of  lime 
pofTeiTes  the  property  of  abforbing  light,  and  of  fin- 
ning in  the  dark.  The  fulphuret  prepared  from  oifler- 
fhells  poffefies  this  property,  in  an  eminent  degree, 
and  is  named  after  its  inventor,  Canton’s  pholpho- 

fUS. 

5 CCCCXLV.  Sulphuret  of  lime,  when  expofed 
to  the  atmofphere,  is  fpccdily  deprived  both  of  its 
tade  and  fmell;  hepatic  gaz  is  disengaged,  and,  at 
length,  mere  gyp  fain  remains.  The  chemical  change, 
which  takes  place  on  this  occafion,  is  the  fame  as 
that  in  fulpliuret  of  alkali.  If  it  be  fubjeded  for 
fome  time  to  the  aftion  of  heat,  the  fulphur  is  in- 
flamed, and  changed  into  fulphuric  acid.  The  re- 
lidue  is,  therefore,  gypfum. 

^ CCCCXLVL  Anaqueoiis  folution  of  rulphuret  of 
lime  is  more  or  lefs  red,  and,  if  highly  faturated,  and 
itftcr\^’ards  cooled,  it  depofits  acicular  cry  Hals  of  a 
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yellowifh  red  hue^  but,  on  expofure  to  the  atmof-* 
phere,  they  gradually  lofe  their  tranfpatency  and 
colour.  It  is  decompounded  by  all  the  acids;  a 
great  quantity  of  hepatic  gaz  is  produced ; and  the 
fulphur  is  precipitated  in  the  form  of  a white  pow- 
der, which  was  formerly  termed  magiftry  of  fulphur. 

LX.  OF  SULPHURET  OF  BARYT. 

5 CCCCXLVII.  A combination  of  baryt  with 
fulphur  is  beft  effe6led  by  double  decompohtion 
in  the  dry  way.  To  this  end,  eight  parts  of  tritu- 
rated ponderous  fpar  are  mixed  with  one  part  of  pow- 
dered carbon,  and  flrongly  heated  in  a crucible ; 
thus  the  carbon  combines  with  the  oxygen  of  the 
fulphuric  acid,  and  forms  carbonic  acid,  which 
efcapes  in  an  aeriform  ftate,  and  the  refidue  is  ful- 
phur, combined  with  the  pure  baryt,  in  the  form  of 
fulphuret  of  baryt,  or  liver  of  baryt. 

§ CCCCXLVIII.  This  fubftance  is  readily  dif- 
folved  in  water,  to  which  it  imparts  a deep  yellow 
hue,  and,  by  cooling  the  folution,  it  yields  cryftals 
of  a yellowifh  colour,  which  deliquefce  in  the  at- 
mofphere,  and  are  at  laft  refolved.  Acids  decom- 
pound it;  they  difengage  hepatic  gaz,  and  precipitate 
the  fulphur.  If  fulphuric  acid  be  taken  for  this 
purpofe,  not  only  fulphur,  but  alfo  regenerated  pon- 
derous fpar  will  be  precipitated. 

§ CCCCXLIX.  Sulphuret  of  baryt  has  alfo  the 
property  of  attrafting  light,  and  of  fhining  in  the 
dark ; and,  on  this  account,  it  has  long  been  known 
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by  the  name  of  bononian  phofphorus.  Globules,  * 
formed  of  a mixture  of  powdered  ponderous  fpar 
and  mucilage  of  gum  tragacanth,,  are  ufed  for  this 
purpofe,  which  are  heated  in  a crucible  containing 
powdered  charcoal,  by  which  means  they  are  changed 
into  fulphuret  of  baryt. 

LXI.  OF  SULPHURET  OF  MAGNESIA. 

^ CCCCL.  To  prepare  fulphuret  of  magnefia, 
or  hepar  of  magnelia,  equal  proportions  of  carbo- 
nate of  magnefia  and  of  fulphur  are  put  into  a glafs 
bottle  filled  with  pure  water,  which  is  placed  in  the^ 
water-bath.  After  fome  time,  the  water  acquires  a 
foetid  hepatic  fmell,  and,  when  cooled,  depofits  mi- 
nute cryftals.  The  bottle  contains  a folution  of 
true  fulphuret  of  magnefia,  the  fulphur  of  which 
may  be  again  feparated  by  acids. 

LXIl.  OF  SAL  POLYCHREST. 

§ CCCCLI.  If  pure  nitre  be  fufed  in  a crucible, 
and  fl owners  of  fulphur  fucceffively  added,  a firong 
detonation  enfues,  which  ceafes,  however,  after  fome 
tijiie,  and  the  lall  portion  of  fulphur  thrown  in 
burns  with  a gentle  flame.  The  refidue  in  the  cru- 
cible is  a grey  inafs,  wTich,  by  protraQed  calcina- 
tion, becomes  perfeflly  white,  and  furnifhes,  by  fo- 
lutio'n  and  cryflallization,  a neutral  fait,  which,  after 
its  inventor,  is  termed  Glazer’s  fal  polychreft.  This 
fait  is  likew’ife  prepared  by  the  gradual  detonation  of 
equal  parts  of  nitre  and  fulphur  in  a red-hot  cru- 
cible. 
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{ CCCCLIL  The  fulphur,  at  this  tempera- 
ture, has  a greater  affinity  with  the  oxygen  of  the 
nitric  acid  than  its  own  oxygen  has,  and,  therefore, 
combines  with  it,  and  forms  fulphuric  acid.  But 
the  nitrogen  paffes  off  in  the  ftate  of  nitrogen  gaz, 
or,  if  ftill  united  to  a fmall  portion  of  oxygen,  as 
nitrous  gaz.  The  fulphuric  acid,  thus  generated, 
combines  with  the  pot-affi,  which  is  now  in  a free 
ftate  alfo,  and  fal  polychreft  is  formed, 

§ CCCCLIII.  This  fait,  therefore,  conftfts  of 
pot-affi.  and  fulphuric  acid.  It  differs  not  in  the 
leaft  from  arcanum  duplicatum,  and  is  a true  ful- 
phate  of  pot-affi.  Should  the  mixture  not  be  fuffi- 
ciently  calcined  after  detonation,  the  fulphuric  acid, 
recently  generated,  would  either  combine  with  the 
remaining  fulphur,  or,  the  acid  produced,  would  be 
fulphureous  acid,  and  the  neutral  fait  obtained 
fimilar  to  Stahl’s  fait  of  fulphur,  (J  CCXLVII.)  or 
be  fulphate  of  pot-affi. 

LXIII.  OF- FULMINATING  POWDER. 

5 GCCCLIV.  If  a raixt^ure  of  one  part  of 
flowers  of  fulphur,  two  of  dry  carbonate  of  pot-affi, 
and  three  of  nitrej  be  gradually  heated  in  an  iron 
ladle  till  it  begins  to  melt,  at  that  inftant  an  exceedingly 
ftrong  report  is  heard,  and  the  whole  mafs  is  fcat- 
tered  in  every  dire6lion.  Flence  this  mixture  is  gene- 
rally known  by  the  name  of  fulminating  powder. , If 
it  be  dire6Uy  thrown  upon  burning  charcoal,  it  de- 
tonates without  any  particular  report, 
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§ CCCCLV.  As  fulminating  powder  can  be  pro- 
duced likewife  from  a mixture  of  one  part  of  dry  ful- 
phuret  and  two  parts  of  nitre,  the  effeO:  of  this 
powder  is  eafily  explained  from  the  properties 
which  thofe  two  bodies  exhibit  when  expo  fed  to 
fire.  Thus  the  combination  of  pot-afh  and  fulphur 
produces  a fulphuret,  which,  at  this  temperature, 
emits  hepatic  gaz,  and  the  nitre,  fufed  at  the  fame 
time,  yields  a great  quantity  of  oxygen  gaz,  which, 
with  the  hepatic  gaz,  forms  an  extremely  inflam- 
mable fulminating  gaz,  included  in  the  very  tenacious 
mafs,  till  it  is  burned  by  a part  of  the  fulphur, 
which  inflames,  whence  arifes  the  explofion  and 
difperfion  of  the  powder.  Intumefcence  of  the  mafs, 
accompanied  by  a fmall  portion  of  flame,  imme- 
diately precedes  this  eflFe61:. 

LXIV.  OF  GUNPOWDER. 

§ CCCCLVI.  A mixtu're  of  fulphur,  nitre,  and 
powdered  carbon,  forms  gunpowder,  fo  well  known 
from  its  terrible  elTe^l,  and  the  ufe  to  which  it  is 
applied.  The  proportion  of  its  conftituent  parts 
is  not  the  fame  in  all  countries,  and  it  varies  alfo 
according  to  the  different  purpofes  for  which  it  is 
intended.  In  France  loo  parts  of  pure  gunpowder 
contain  75  parts  of  nitre,  9^  parts  of  fulphur,  and 
P^^ts  of  powdered  carbon.  ^ 

{ CCCCLVII.  In  order  to  prepare  gunpowder, 
the  ingredients  are  firfl  pounded  by  mills  coht 
flnifted  of  wood,  and  kept  continually  moifl  with 


water.  Th^  powder,  thus  formed,  ppffefTes  in  reality 
all  the  properties  of  good  gunpowder,  but  left,  on 
account  of  its  fubtilty,  it  ftiould  adhere  to  the  gun, 
when  loading,  it  is  ufually  granulated.  This  procefs 
confifts  in  preffing  the  powder,  while  moift,  through 
leathern  fieves,  and  afterwards  fifting  it,  to  feparate 
the  duft.  For  nice  purpofes,  and  that  it  may  not 
foil  the  hands,  the  powder,  when  granulated,  is 
polifhed  by  agitation  in  a large  wooden  cafti,  which 
turns  upon  an  axis ; it  is  then  carefully  dried  by  the 
fun,  or  in  warm  rooms. 

{ CCCCLVIII.  All  carbon,thatof  animals  excepted, 
whether  of  light  or  hard  wood,  is  equally  fit  for  the 
compofition  of  gunpowder.  Some  portion  of  car- 
bon is  indifpenfably  required,  for  a fimple  mixture 
of  fulphur  and  nitre  does  not  by  any  means  produce 
the  defired  effeB;. 

§ CCCCLIX.  Gunpowder,  fimply  dried,  is  more 
powerful  than  when  granulated,  for,  during  granu- 
lation, the  nitre,  on  account  of  the  water  requifite 
for  that  operation,  is  cryftallized,  and,  confequently, 
the  ingredients  become  more  unequally  mixed. 
Poliflied  powder  is  ftill  weaker,  becaufe  the  particles 
prefs  more  clofely  upon  each  other,  whence  their 
combuftion  is  not  fo  inftantaneous.  In  general,  the 
quality  of  gunpowder  depends  upon  the  purity  and 
proportion  of  its  component  parts,  and  upon  their 
intimate  mixture. 
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§ CCCCLX.  As  there  is  fuch  a great  proportion  of 
nitre  in  gunpowder,  and  as  the  ingredients  arefo  equally 
mixed,  even  the  miriuteft  particle  of  the  fulphur  and 
carbon  is  invefted  with  a coat  of  nitre;  and  hence, 
when  inflamed,  it  receives  a much  greater  quantity  of 
oxygen  gaz  from  the  nitre  than  is  neceflary  for  its 
perfe6l  combuftion.  The  fulphur  and  carbon,  there- 
fore, burn  upon  the  fame  principle  as  if  immerfed  in 
a veflel  containing  oxygen  gaz,  and  are  inftantane- 
oufly  changed  into  fulphureous  and  carbonic  acid 
gazes;  to  thefe  we  muft  add  the  nitrogen  gaz  pro- 
duced from  the  nitre,  and  the  water  changed  into 
Vapours.  Hence  it  is  eafy  to  explain  not  only  the 
rapid  corpbuftion  of  gunpowder,  even  in  ciofe  vefleis, 
but  alfo  its  dreadful  effeQ. 

§ CCCCLXI.  To  inflitute  an  analyfis  of  gun- 
powder, and  to  afcertain  the  proportion  of  its  confli- 
tuent  parts,  its  nitre  is  firfl  waflied  out,  and  the  lul- 
phur  and  carbon  which  remain  are  afterwards  fcparated 
by  the  fublimation  of  the  fulphur. 

§ CCCCl.XII.  As  the  oxygenated  muriate  of pot- 
afli  parts  with  its  fupcrabundant  oxygen  gaz  much 
more  readily  than  nitre,  attempts  have  been  made  to 
fubftitute  it  for  nitre,  in  the  preparation  of  gun- 
powder. The  gunpowder  formed  in  this  manner 
proved  to  be  far  fuperior  in  its  effeds  to  common 
gunpowder,  but,  at  the  fam.e  time,  more  deftruHive  to 
the  gun ; for  the  muriatic  acid,  difengaged  from  the 
muriate  of  pot-afh  by  tb^e  fulphuric  acid,  corroded 
jjiie  metal  in  a much  greater  degree  than  the  fulphure- 
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ous  acid,  difengaged  from  common  gunpowder,  would 
have  done. 

LXV.  OF  NAPI-ITHA. 

§ CCCCLXIII,  Mineralogifts  have  given  the 
name  of  naphtha  to  a colourlefs  and  tranfparent  fluid, 
which  in  fome  parts  of  Perfia  and  Italy  is  found  upon 
the  farface  of  fprings  and  lakes,  and  ilfuing  from 
argillaceous  flones. 

§ CCCCLXIV.  This  fubflance  has  a peculiar 
fmell,  and  does  not  combine  either  with  water  or  fpi- 
rit  of  wine.  It  is  lighter  than  water,  its  fpecific  gra- 
vity being  0.7.  It  is  inflammable,  and,  when  burned, 
leaves  a black  foot,  If  it  be  diftilled  by  a gentle  heat, 
it  comes  over  invariably,  without  refidue.  Acids  con- 
denfe  it  and  render  it  relinous.  It  inflames  with 
fuming  fpiritof  nitre. 

LXVI.  OF  PETROLEUM  AND  MALTA. 

§ CCCCLXV.  Rock  oil,  or  petroleum,  feems 
to  differ  from  naphtha  only  in  its  being  mixed  with  he- 
terogeneous matter.  It  is  found  in  various  parts  • of 
Europe  trickling  from  the  fiffures  of  rocks.  Its  co- 
lour is  more  or  lefs brown,  inclining  to  yellow,  audits 
fmell  refembles  that  of  naphtha.  It  affords,  by  dif- 
tillation,  at  firft  true  artificial  naphtha,  afterwards  an  oil 
of  a brown  colour,  and  an  acidulous  water;  in  the 
retort  there  remains  a fmall  quantity  of  carbon,  the 
affies  of  which  are  mere  calcareous  earth. 


§ CCCCLXVI.  Malta  is  more  impure  ftill  than 
petroleum,  which  conftitutes  the  only  difference.  It 
has  the  confillence  of  honey,  is  of  a black  colour,  and 
frequently  mixed  with  much  earthy  matter.  We 
find  it  in  all  thofe  places  where  petroleum  is  found. 

I.XVIL  OF  ASPHALTUM  AND  JET. 

§ CCCCLXVIL  Afphaltum,  or  Bitumen  of  Ju- 
dea, has  derived  its  name  from  the  Dead  Sea  in  Judea, 
upon  the  furfacc  of  which  it  is  found,  and  upon  the 
Ihore.  It  is  likewife  met  with  in  fevcral  other  coun- 
tries. This  fubhance  is  fmooth,  brittle,  of  a black 
colour,  and  fhining  fra6lure.  It  is  infoluble  either  in 
water  or  fpirit  of  wine.  It  affords,  by  diftillation,  an 
acidulous  liquid  and  a i’pecies  of  artificial  petroleum; 
carbon,  mixed  with  a great  portion  of  eardi,  remains 
in  the  retort. 

^ CCCCLXVIII.  Jet  is  a hard,  vitreous,  black 
body,  fufcepiiblc  of  a high  polifii.  In  its  chemical 
properties  it  refembles  afphaltum,  from  which  it 
differs  merely  in  its  greater  hardnefs. 

5 CCCCLXIX.  Lithantraces,  or  pitcoal,  is  found 
in  various  parts  of  Europe  in  ftrata  beneath  the  fur- 
face  of  the  earth.  It  is  a foliated,  brittle,  black,  and 
glittering  fubffance,  the  conffituent  parts  of  which  are 
petroleum,  malta,  and  afphaltum,  combined  more  or 
lefs  with  other  earthy  particles,  and,  frequently,  with 
fulphur,  and  the  remains  of  vegetable  matter.  Hence 
it  has  received  different  nameS;  both  in  common  and 
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from  mineralogifts,  as  it  is  more  or  lefs  applicable  to 
various  economical  purpofes. 

5 CCCCLXX.  Good  pitcoal  burns  flowly  in  an 
open  fire,  but  with  a bright  flame.  It  emits  a bitu- 
minous odour,  furniflies  an  intenfe  and  iafting  heat, 
and  is  at  length  reduced  to  mere  earthy  aflies.  If 
it  be  diflilled  from  a retort,  we  obtain  a fmall  portion 
of  water,  dry  aerated  ammoniac,  a copious  quantity 
of  artificial  petroleum,  and  much  raalta.  The  re- 
fidue,  in  the  retort,  is  a black  coaly  raafs,  which 
affords  in  the  open  fire  an  intenfe  heat,  but  no  flame, 
and  burns  ultimately  to  afhes.  In  England,  this 
diftillation  is  performed  in  the  large  way. 

LXVIII.  OF  AMBER. 

§ CCCCLXXI.  Amber  is  found  in  feveral  coun- 
tries of  Europe  beneath  the  furface  of  the  earth, 
among  clay,  fand,  and  the  iron  bog-ore,  but  mod 
abundantly  in  the  fea.  The  former  is  termed  fofliU 
amber,  and  the  latter  mineral-amber,  which  is  chiefly 
gathered  on  the  fliore  of  the  Baltic,  where  it  is  depofit- 
ed  during  tempeftuous  weather,  or  caught  by  the  inha- 
bitants in  nets,  placed  in  a diredion  contrary  to  the 
wind. 

} CCCCLXXII.  Amber  is  met  with  in  irregular 
mafles  of  a white,  yellow,  or  brown  colour,  and  more 
or  lefs  tranfparent;  red  and  green  amber  are  very 
fcarce.  It  is  taftelefs ; when  rubbed,  it  acquires  a 
faint  odour,  and  at  the  fame  time  obtains  a confidera- 
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blc  degree  of  eleftricity.  It  is  not  diffolved  in  water, 
and  but  in  a very  flight  degree  in  fpirit  of  wine,  un- 
lefs  you  make  ufe  of  pot-afli,  when  the  folution  is 
termed  tinflure  of  amber. 

f CCCCLXXIII.  Amber  is  very  foluble  in  ex- 
preffed  oils,  aflifted  by  heat.  This  folution  being 
diluted  with  oil  of  turpentine  forms  amber-varnifh. 
The  folution  of  amber  in  the  fulphuric  acid  is  at 
firfl;  red,  and  afterwards  black. 

§ CCCCLXXIV.  Amber  diftilledy^^ry^,  in  a re- 
tort, affords  at  firfl  an  acidulous  phlegm,  afterwards  a 
light  oil,  which  gradually  becomes  dark,  and  towards 
the  end  of  the  operation  black  and  vifcid.  At  the 
fame  time,  a fait,  which  is  ah  acid  of  a peculiar  kind, 
termed  fuccinic  acid,  or  acid  of  amber,  is  fublimed  in 
the  neck  of  the  retort,  The  refidue  is  a glittering 
coaly  mafs. 

J CCCCLXXV.  Oil  of  amber  becomes  colour- 
lefs  by  repeated  diflillation  with  water  or  clay,  and 
ultimately  as  limpid  as  water.  In  this  flate,  it  is 
termed  reflified  oil  of  amber.  Rouelle  propofes  to 
obtain  fuch  oil  during  one  operation  only,  which  con- 
fids  in  didilling  oil  of  amber  with  a confiderable 
quantity  of  water,  from  a glafs  cucurbit?  in  the  water- 
bath. 

♦ 

§ CCCCLXXVI.' The  fuccinic  acid  is  rendered 
quite  colourlefs,  and  free  from  oil,  by  repeated  folu- 
tions  in  water  and  crydallization.  The  fame  efi'ecl 
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is  produced*by  fublimation  with  clay  or  culinary  fait* 
But,  according  to  Hermftaedt,  the  nioft  eafy  method 
confifts  in  adding  two  parts  of  diluted  nitric  acid  to 
the  fait  of  amber,  and  diftilling  the  mixture  in  a re- 
tort. Thus  the  nitric  acid  is  decompounded,  and 
comes  pver  chiefly  in  theflate  of  nitrous  gaz;  but  the 
fuccinic  acid  remains  in  beautiful  white  cryftals. 

§ CCCCLXXVII.  Pure  fuccinic  acid  forms  three- 
fided  columnar  cryftals.  It  requires  lo  parts  of  cold, 
and  only  two  parts  of  boiling  water  for  folution.  Hot 
fpirit  of  wine  diflblves  more  than  half  its  weight.  On 
expofure  to  fire,  it  firlt  melts,  but  foon  after  rifes  in 
the  form  of  white  and  fuffocating  vapours. 

5 CCCCLXXVIII.  Succinic  acid,  combined 
with  foda,  conflitutes  a neutral  fait,  which  (hoots  into 
three- fided  prifmatic  cryftals,  not  deliquefcent  in  the 
atmofphere.  With  pot-afh,  however,  it  generates  a 
, neutral  fait,  which  is  deliquefcent,  and  of  a bitter 
tafle.  Both  thefe  falts  are  decompounded  in  fire,  and 
part  with  their  acid.  With  pure  ammoniac,  the  fuc- 
cinic acid  forms  a deliquefcent  neutral  fait,  which 
ihoots  into  fmall  acicular  cryftals,  and  is  perfeftly 
fublimed  by  heat.  But,  if  ammoniac,  flill  impure 
from  combination  with  animal  oil,  or  common  fpirit 
of  hartfhorn,  be  combined  with  fuccinic  acid,  con- 
taining oil  of  amber,  we  fliall  obtain,  what  is  termed^ 
fuccinated  liquor  of  hartfliorn. 

§ CCCCLXXIX.  Succinic  acid,  combined  with 
lime  and  barytjfurnifhes  a cryflallizable  falt^  extremely 
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difficult  of  folution  in  water,  and  unchangeable  in 
atmofpheric  air.  With  magnefia  it  produces  a fait, 
which  is  not  cryftallizable,  but  deliquefcent.  With 
alumine,  we  obtain  a fait,  which  has  prifinatic  cryftals, 
and  which  is  unchangeable  in  the  air.  Thefe  feveral 
falts  are  decompounded  by  fire,  on  which  occafion 
they  part  with  their  acid. 

^ CCCCLXXX.  From  thefe  experiments  it 
appears,  that  amber  is  one  of  the  pureft  bitumens,  con- 
lifting  almoft  entirely  of  a volatile  oil,  which  receives 
its  confiftence  from  a peculiar  acid,  and  of  a few 
earthy  and  coaly  particles.  The  bafis  of  the  acid  of 
amber,  however,  is  as  yet  but  imperfc6Uy  known. 

5 CCCCLXXXI.  From  the  combination  of  rec- 
tified oil  of  amber  with  pure  ammoniac,  and  a fmall 
quantity  of  foap,  diffolved  in  fpirit  of  wine,  we  ob- 
tain the  liquor  fo  well  known  by  the  name  of  Eau  de 
Luce.  For  this  purpofc  difiolve  ten  or  twelve 
grains  of  foap  in  four  ounces  of  concentrated  alcohol; 
add  one  dram^of  reftified  oil  of  amber,  and,  laftly, 
as  much  cauftic  fpirit  of  fal  ammoniac  as  may  give  the 
mixture  a milky  colour. 

LXIX.  OF  AMBERGRIS. 

J CCCCLXXXII.  Ambergris  is  a very  light 
aih-coloured  body,  found  in  the  Eaft  Indies  upon  the 
fea-fhores.  It  has  a moft  grateful  fmcll,  even  when 
burned.  It  becomes  foft,  like  wax,  on  the  applica- 
tion of  a gentle  heat;  and,  affords  by  dry  diftillatioiij 
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a peculiar  acid,  very  fimilar  to  that  of  amber,  both 
liquid  and  dry  ; alfo  an  oil  of  a yellow  colour  not 
difagreeable  to  the  fmell ; and  a fmall  quantity  of 
carbon  is  left  in  the  retort. 

5 CCCCLXXXIII.  Ambergris  is  but  imperfeQIy 
diffolved  in  pure  fpirit  of  wine;  but  if  this  be  com. 
bined  with  pot-afh,  the  folution  of  the  former  will  be 
perfect.  Fixed  and  volatile  oils,  in  like  manner,  dif- 
folve  it  only  in  part.  Its  belt  menflruum  is  fulphuric 
ether. 

CLX.  OF  COPAL. 

{ CCCCLXXXIV.  Copal,  or  gum-copal,  is  im- 
ported from  Guinea,  where  it  is  found  in  the  fand  on 
the  fhore.  In  its  external  appearance  it  refembles 
amber,  but  is  commonly  more  brittle,  and  rather  of 
a lighter  colour.  It  affords,  by  diftillation,  a fmall 
portion  of  infipid  water,  and  a white  oil,  which,  to- 
towards  the  end  of  the  operation,  becomes  fomewhat 
brown  ; but  we  obtain  no  fait.  In  the  retort  remains 
a fpungy  coal,  the  allies  of  which  do  not  yield  any 
fait. 

^ CCCCLXXXV-  Copal  is  almofl  infoluble  in 
water,  and  fpirit  of  wine  only  diffolves  it  in  part. — 
Fat  oils  diffolve  it,  when,  by  previous  and  conti- 
nued fufion,  it  has  acquired  a brown  red  colour.  Vo- 
latile oils  and  fulphuric  ether  diffolve  it  completely, 
and  with  facility.  With  the  fulphuric  acid  it  forms  a 


dark  red  folution  of  a fulphureous  fmell,  Fuming 
nitric  acid,  during  a copious  difengagement  of  ni- 
trous gaz,  gives  a folution  of  a light  brown  colour. 
No  elfea  whatever  is  produced  upon  copal  by  the 
muriatic  acid.  ' ■ ^ 

LXXI.  OF  METALS. 

J CCCCLXXXVl,  Metals  principally  differ  from 
all  other  bodies  on  account  of  their  perfe8:  opacity 
and  confequent  metallic  fplendour,  their  denfity,  and 
fpecific  gravity.  In  their  purefl;  metallic  ftate  they 
polTefs  neither  tafle  nor  fmcll. 

§ CCCCLXXXVTI.  Metals  are  found  in  the 
Towels  of  the  earth,  either  native,  that  is,  almofl  pure ; 
or,  in  the  flate  of  oxide,  that  is,  under  the  external 
form  of  earth  ; Or,  combined  with  fulphur,  as  ores  > 
or,  laftly,  in  combination  with  acids,  confiituting 
metallic  fpars,  Szc,  They  occur  in  thefe  various  flates, 
either  feparately  or  in  combination  with  other  metals. 

§ CCCCLXXXVIII.  They  are  remarkable  for  the 
property  peculiar  to  themfelves  of  being  dilated  by  re- 
peated or  continued  preffure.  This  property  is  termed 
dutlility.  But,  as  duflility  is  regulated  by  different 
laws,  according  to  the  nature  of  the  preffure  applied, 
it  became  neceffary  to  divide  it  into  two  kinds,  viz. 
into  malleability,  when  metals,  under  the  hammer, 
or,  by  flatting  mills,  are  formed  into  thin  plates ; and 
into  tenacity,  when  drawn  out  into  wire. 
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^ CCCCLXXXIX.  As  all  metals  are  not  duElile, 
the  prefence  or  abfence  of  this  property  caufed  them 
to  be  divided  into  two  clalfes,  the  limits  of  which  are, 
however,  very  indefinite.  Of  the  i8  metals  with 
which  we  are  acquainted,  8 are  confidered  as  dudUle, 
or  entire  metals ; and  ten  as  brittle,  or  femimetals. 
If  we  confider  them  according  to  their  malleability, 
they  appear  in  the  following  order ; Gold,  Silver, 
Platina,  Copper,  Iron,  Tin,  and  Lead;  but,  ac- 
cording to  their  tenacity,  thus : Platina,  Gold,  Iron, 
Copper,  Silver,  Tin,  and  Lead.  To  thefe  vve  may 
add  Mercury;  but  the  degree  of  its  malleability  and 
tenacity  is  not  yet  accurately  known.  The  femime- 
tals are  Zinc,  Bifmuth,  Nickel,  Antimony,  Cobalt, 
Manganefe,  Arfenic,  Tungfien,  Molybdena,  and 
Uranite. 

' 5 CCCCXC.  All  metals  and  femimetals,  become 
fluid  at  a certain  temperature.  Mercury  exifis  in  that 
ftate  under  the  common  temperature  of  the  atmof- 
phere ; but  the  red  require  a greater  degree  of  heat ; 
and  fome  metals  do  not  melt  unlefs  the  heat  be  intenfe. 
Several  fufe  before  they  become  red  hot,  fuch  as 
Mercury,  Lead,  Tin,  Bifmuth,  Zinc.  Some  fufe 
at  a greater  or  lefs  degree  of  ignition,  as  the  remaining 
metals.  The  lead;  fufible  metals  are  Platina,  Tungften> 
Molybdena,  and  Uranite,  which  are  fufed  only  by  the 
aid  of  oxygen  gaz,  or  large  burning  lenfes. 

§ CCCCXCI.  All  metals,  when  melted  in  earthen 
or  glafs  veffels,  have  a convex  furface ; and,  if  the 
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mafTes  be  but  fmall,  they  form  globules,  which  is 
owing  to  their  great  cohefion,  and  their  inferior  at- 
trablion  to  the  veffel.  All  fufed  metals,  when  (lowly 
cooled,  affume  a determinate  form,  and  cryftallize  in 
various  (hapes. 

^ CCCCXCII.  Metals  become  volatile  by  fufion, 
and  pafs  off  in  a gazeous  hate.  Some  undergo  this 
change  even  by  a moderate  heat,  as  Mercury,  Bif- 
rnuth,  Antimony,  Arfenic,  &c.  Moh  metals  require, 
however,  an  intenfe  heat  for  that  purpofe,  for  in^ 
fiance.  Gold,  Silver,  and  Piatina. 

§ CCCCXCII  I.  But  of  far  greater  importance 
is  the  change  to  v;hich  metals  are  liable,  when  fufed  in  a 
higher  or  lower  temperature  in  contafl  with  oxygen 
gaz  oratmofpheric  air.  They  are  thus  deprived  of  their 
eohefion,  metallic  fplendour,  and  duffility,  and  af- 
fiirae  the  external  appearance  of  earths.  In  this  hate 
they  are  termed  calces  of  metals,  or  metallic  oxides. 

^ CCCCXCiV.  If  a determinate  quantity  of 
Lead,  Tin,  or  Mercury,  be  heated  for  fome  time  in 
a pneumatic  veffel,  carefully  clofed,  containing  oxy- 
gen gaz,  we  perceive  that  the  oxygen  gaz  is  conhdera- 
bly  diminifhed,  and  that  the  metal  is  either  entirely, 
or  in  part,  reduced  to  the  hate  of  calx.  During  this 
change  the  w^eight  of  the  metal  increafes,  ana  this  aug- 
mentation is  precifely  equal  to  the  weight  of  the  oxy-* 
gen  gaz  loh. 


^ CCCCXCV.  If  mercury,  thus  calcined  or  oxi- 
ded,  be  diftilled  in  a retort,  adapted  to  the  pneu- 
matic apparatus,  we  fliall  obtain  a confiderable  quan- 
tity of  oxygen  gaz,  and  the  calx  of  mercury  will  re- 
fume its  metallic  form.  The  lofs  of  weight,  which 
the  calx  of  mercury  thus  fuftains,  is  equal  to  the 
weight  of  the  oxygen  gaz  obtained. 

5 CCCCXCVI.  But,  if  the  calx  of  lead  or  tin  be 
heated  in  a pneumatic  veffel  filled  with  inflammable 
air,  the  air  decreafes,  drops  /of  water  are  formed,  and 
the  calx  returns  to  its  former  metallic  ftate. 

} CCCCXCVII.  From  the  experiments  recited, 
and  from  a great  number  of  others  which  we  fliall 
have  occafion  to  mention  hereafter,  it  is  evident,  that 
during  the  calcination  of  metals,  the  metal  Amply 
combines  with  oxygen;  and  that  oxides  or  calces  of 
metals,  in  confequence  of  the  lofs  of  fuch  oxygen, 
regain  their  metallic  fplendour;  this  operation  is 
termed  reduflion  of  metals.  All  metals,  however, 
have  not  the  fame  degree  of  alSnity  for  oxygen ; 
there  are  but  few  that  part  with  it  per  Je^  by  the  mere 
increafe  of  temperature;  the  greater  number  require 
the  addition  of  a third  body,  which  has  a greater 
affinity  for  oxygen  than  the  metal  iifelf ; for  inflance, 
nitrogen  gaz,  carbon,  &c.  in  which  cafe  we  obtain 
either  carbonic  acid  or  water.  Metals,  capable  of 
being  reduced  per  fe,  are  termed  noble.  Thefe  are 
gold,  filver,  platina,  and  mercury;  others  are  termed 
bafe. 
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§ CCCCXCVIII.  All  metals  may  be  likewife  oxi- 
ded  by  acids,  but  all  acids  do  not  a6l  upon  metals 
in  general,  nor  in  the  fame  manner.  But,  during 
every  combination  of  this  kind,  the  acid  is  de- 
compounded; its  oxygen,  combining  with  the  metal, 
forms  a metallic  oxide , and  its  bafis,  being  difen- 
gaged,  remains  either  in  the  mixture,  or  is  diflipated 
r in  the  ftate  of  gaz.  The  metallic  oxide,  thus  pro- 
duced, is  either  immediately  diflblved  in  the  remaining 
acid,  and  thus  converted  into  a metallic  fait,  or  is 
precipitated.  In  the  former  cafe,  we  fay,  that  the 
acid  has  diffolved  the  metal;  in  the  latter,  that  it  has 
only  corroded  it.  In  a few  rare  cafes,  the  metal  is 
oxided  merely  by  the  oxygen  of  the  water,  mixed 
with  the  acid,  and  then  diflblved  by  the  acid  itfelf. 
Hydrogen  gaz  is,  in  this  cafe,  difengaged. 

f CCCCXCIX.  Metals  can  never,  therefore,  be 
combined  with  acids,  unlefs  they  be  previoufly  oxi- 
ded, and,  confequently,  when  diflblved,  they  are 
always  oxides.  Yet  molt  acids  do  not  aö:  upon  me- 
tals but  when  in  a metallic  ftate,  and  produce  no 
efle£l  upon  thofe  which  have  been  previoufly  calcined 
by  other  means.  The  caufe  of  this  refts  probably 
either  in  the  degree  of  oxidation,  or  upon  its  pro- 
Uablion. 

J D.  When  the  union  of  a metallic  oxide  and  an 
acid  is  diflblved  by  a third  body,  which  has  a nearer 
affinity  with  the  latter,  the  metallic  oxide,  in  folution, 
falls  to  the  bottom  of  the  veflel,  and  is  termed  a pre- 
cipitate of  the  metal.  But,  if  the  decompofition  be 


effected  by  double  affinity,  fo  that  the  oxide  of  the 
metal  is  deprived  of  its  oxygen,  the  metal  is  then 
precipitated  in  a metallic  form.  When  the  folvent 
is  a neutral  fait,  the  acid  of  fuch  fait  combines  with 
the  metal,  and  produces  a new  metallic  fait, 

§ DI.  Metals  may  be  combined  with  each  other  in 
different  proportions.  The  compounds  thus  arifing 
are  termed  alloys^  which  are  governed  by  the  general 
laws  of  chemical  compofitions ; nor  do  they  poffefs 
the  properties  of  their  component  metals,  fince  they 
differ  in  fpecific  gravity,  du6i;ility,  and  chiefly  in  the 
degree  of  heat  requifite  for  their  fufion. 

LXXII.  OF  GOLD. 

5 PII.  Gold  i^  the  moll  precious  and  leaf!:  change- 
able of  all  metals.  Next  to  platina,  it  is  the  molt  pon- 
derous of  bodies,  its  fpecific  gravity,  to  that  of  water, 
being  19.2581  : looCQ.  It  is  alfo  fuperior  to  all 
other  metals  in  malleability  and  tenacity,  but  inferior 
in  hardnefs  and  elafticity. 

J DHL  Gold  is  not  liable  to  the  leafl;  alteration  in 
atmofpheric  air.  On  expofure  to  fire  it  becomes  red 
hot,  and  affumes  a greenifh  luftre  long  before  it  melts, 
nor  does  it  fufe  till  it  is  heated  to  candefcence : being 
then  gradually  cooled,  it  cryffallizes  in  truncated  te- 
traedral  pyramids.  It  refills,  in  this  Hate,  theftrongell 
heat  that  can  be  raifed  in  a fui;nace ; and  it  is  only  in 
the  heat  produced  by  large  burning  lenfes,  or  the 
flame  excited  by  a ftream  of  oxygen  gaz,  that  it  is 
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rendered  partly'  volatile,  and  vitrified.  It  is  oxided 
and  volatilized  likewife  by  a very  flrong  ele&icai 
dil'charge. 

^ DIV.  Of  the  acids  with  which  we  are  ac- 
quainted, there  is  none  that  has  any  aQion  upon  gold, 
except  the  oxygenated  muriatic  acid,  which  com- 
pletely difTolves  it.  This  acid  may  be  prepared  for 
that  purpofe  in  the  manner  defcribed’,  (}  CCXIII. 
Sc  CCXVII.)  or  oxygenated  by  adding  the  nitric 
acid,  when  it  is  termed  aqua  regia.  CCXXV.) 
Common  muriatic  acid  produces  not  the  leaft  efFe^l 
upon  gold. 

§ DV.  During  the  folution  of  gold  in  aqua  regia, 
nitrous  gaz  is  difengaged;  the  liquor  affumes  the  co- 
lour of  gold,  is  highly  cauftic,  and  tinges  animal 
matter  purple.  If  it  be  carefully  evaporated,  it  depofits 
imall  golden  cryftals,  which  are  muriate  of  gold. 
They  attra6l  moifture  from  the  atmofphercj  and  be- 
come red  when  fufed  by  a gentle  heat. 

{ DVI.  Calcareous  earth,  magnefia,  and  the  fixed 
alkalis,  decompound  the  folution  of  gold,  and  preci- 
pitate it  in  the  form  of  a yellow  powder,  which  is  a 
true  oxide  of  gold,  and  which  returns,  on  expofure 
to  fire,  to  its  metallic  hate,  without  the  aid  of  any 
additional  body.  This  oxide  fu fes  with  all  vitrifiable 
earths,  and  tinges  them  purple.  It  is  now  foluble 
likewife  in  acids,  from  which,  however,  it  may  be 
leparated  again  by  heat  or  reft. 
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{ DVIL  If,  in  precipitating  gold  from  itsfolutioD, 
a fiiperabundant  portion  of  alkali  be  added,  it  again 
diflblves  the  oxide  of  gold.  But,  if  ammoniac  be 
taken  for  that  purpofe,  we  obtain  an  oxide  of  gold 
of  a deep  yellow  colour,  which,  after  it  has  been 
flowly  dried,  becomes  brownifh,  and  polfefles  the 
lingular  property  of  caufing  a confiderable  noifewben 
reduced.  On  the  application  of  a gentle  heal,  a fimilar 
reduftion  takes  place,  provided  the  aqua  regia,  in 
"which  the  gold  is  diffolved,  be  prepared  with  the 
muriate  of  ammoniac,  (J  CCXXVII.)  and  the  gold 
be  precipitated  by  the  fixed  alkalis.  The  precipitate, 
in  either  cafe,  is  termed  fulminating  gold. 

5 DVIII.  This  fulminating  gold  is  nearly  one-fourth 
heavier  than  the  gold  employed  for  die  folution.  If 
fulminating  gold  be  expofed  for  fome  time  to  a 
gentle  heat,  fo  that  no  reduftion  take  place,  it  will 
he  entirely  divefted  of  its  fulminating  property;  and 
if  the  operation  be  performed  In  clcfe  velTels,  we 
fhall  obtain  a fmali  portion  of  ammoniacal  gaz  ; but, 
if  we  caufe  it  to  detonate  in  clofe  veffels,  the  produfls 
are  azotic  gaz,  drops  of  water,  and  gold  in  a me.- 
tallic  ftate.  The  concentrated  fulphuric  acid,  fat 
oils,  and  fulphuric  ether,  deprive  gold  of  its  fulmi- 
nating property. 

5 DIX.  From  the  preceding  experiments,  and  from 
the  circumftance  that  ammoniac  is  indifpenfably  re- 
quifite  for  the  produ6lion  of  fulminating  gold,  it  is 
evident  that  this  oxide  of  gold  owes  its  fulminating 
property  to  that  part  of  the  ammoniac  which  adheres 

M 4 


i68 


to  it  very  flrongly,  and  which  is  decompounded  by 
a flight  increafe  of  temperature,  when  its  hydrogen 
inflantly  combines  with  the  oxygen  of  the  oxide  of 
gold,  whence  the  explofion.  The  produ8:,  on  this  oc- 
caflon,  is  water;  and  both  the  gold  and  the  azotic 
gaz  are  difengaged  in  a very  pure  ftate  from  the  bo- 
dies with  which  they  were  combined. 

^DX.  Tin  precipitates  gold  from. its  folution  in 
aqua  regia,  in  the  form  of  a purple  oxide,  but  ftili 
better  if  it  be  diflblved  in  aqua  regia.  The  preci- 
pitate obtained  in  this  manner  is  , termed  the  Purple 
Precipitate  of  Caflius,  the  colour  of  which  varies 
a^ccording  as  the  folutions  are  more  or  lefs  faturated, 

’ and  according  to  the  quantity  of  water  with  which 
they  were  previoufly  diluted.  In  order  that  a beauti- 
ful purple  precipitate  may  be  produced,  the  folution 
of  tin  is  prepared  very  flowly,  and  a confiderable 
quantity  of  water  is  added  to  the  folution  of  gold. 

■§  DXI.  Neither  pure  fulphur  nor  pure  alkalis  a-cl* 
upon  gold,  but  fulphuret  of  pot-afli  completely 
difibives  it.  For  this  purpofe,  equal  parts  of  pot- 
afh  and  fulphur  are  haftily  melted  with  an  eighth 
part  of  leaf  gold,  and  then  poured  upon  a flone 
table.  This  mixture,  diflblved  in  water,  affords  a 
folution  of  fulphuret  of  gold  of  a yellowifli  green 
colour,  from  which  the  gold,  together  with  the  fui- 
phur,  may  be  precipitated  by  acids.  The  former 
is  feparated  from  the  latter  by  heating  it  in  open 
vefleis. 
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§ DXII.  Volatile  oils  and  fulphuric  ether  4o  not 
ad  directly  upon  gold ; but,  being  added  to  a folution 
of  gold  in  aqua  regia,  the  gold  quits  the  aqua  regia, 
'and,  by  combining  with  the  oil  or  ether,  forms  a 
diltind  Itratum,  which  floats  upon  the  aqu^  regia?  now 
. colourlefs. 

5 DXIIL  Gold,  for  tlie  various  purpofes  to  which 
it  is  applied,  is  more  or  lefs  alloyed  with  other  me- 
tals. The  value  of  thefe  compofitions  depends  always 
upon  the  proportion  of  gold  which  they  contain,  and 
which  is  eflimated  by  what  are  termed  carats.  A 
carat  is  the  i~24th  part  of  the  whole  mafs.  Thiis  a 
compofition  of  5-24th  parts  of  gold,  and  19th  parts 
of  copper,  is  faid  to  be  gold,  5 carats  fine. 

LXXIII.  OF  PLATINA. 

5 DXIV.  Native  platina  has  not  hitherto  been 
found  in  any  country  but  South  America,  nor  in  any 
form  but  that  of  unconneded  lamellae.  It  is  the  moil 
ponderous  of  all  the  material  bodies  with  which  we  are 
acquainted;  its  fpecific  gravity,  to  that  of  water, 
being  22.0690.  It  is  lefs  malleable  than  gold,  but 
more  tenacious,  and  lefs  deftrudible  than  all  the  other 
nietals. 

5 DXV.  There  is  no  metal  which  refills  the  adion 
■ of  heat  as  much  as  platina;  nor  can  it  befufed  but  iti 
the  focus  of  a large  burning  lenfe,  or  by  pure  oxygen 
gaz;  for,  by  the  moil  intenfe  heat  that  can  be  pro- 
duced in  a furnace,  platina  is  merely  welded.  Like 
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gold  it  is  calcined  and  volatilized  by  a flrong  electric 
fpark, 

^ DXVL  Platina,  like  gold,  is  not  foluble  in  any 
acid,  except  the  oxygenated  muriatic  acid,  which  dif- 
folves  it  completely,  producing  a difengagement  of 
nitrous  gaz.  This  folution  of  platina  is  either  red  or 
^ yellow,  and  extremely  cauftic.  It  imparts  a deep 
brown  colour  to  animal  matter. 

^ DXVII.  If  this  folution  of  platina  be  flowly 
evaporated  in  the  open  air,  or  otherwife,  it  yields 
fmall  brilliant  cryflals  of  a red  colour,  not  eafily  fo- 
lublc  in  water,  and  which  are  perfect  muriate  of  platina. 
This  neutral  fait,  if  it  be  expofed  for  a confiderable 
time  to  an  intenfe  heat,  is  decompounded,  its  ticid 
paffes  off,  and  a grey  oxide  of  platina  remains, 
which,  after  fome  time,  parts  likewife  with  its  oxy- 
gen, and  affumes  a metallic  form. 

{ D XVI 1 1.  Muriate  of  platina  is  decompounded 
by  pot-afh,  which  precipitates  the  metal  in  the  form 
of  an  orange-coloured  powder.  But  this  preci- 
pitate is  not  a pure  oxide  of  platina,  but  a mix- 
ture of  fuch  oxide  and  muriate  of  platina,  not  un- 
frequently  united  to  the  neutral  fait  then  generated. 
The  oxide  of  platina  is  freed  from  the  latter  by  de- 
coBion  in  pure  water ; the  refidue  is  an  afli-coloured 
powder.  But  the  precipitate,  produced  by  pure  am- 
moniac from  the  folution  of  platina,  is  very  faline, 
and  completely Jbluble  in  water,  for  nothing  remains 


but  particles  of  iron.  Soda,  quicklime,  or  lime- 
water,  precipitate  platina  in  the  ftate  of  pure  oxide. 

{ DXIX.  Sal  ammoniac  is  the  only  neutral  fait  by 
which'platina  is  precipitated  from  its  folution.  The 
circumftances  attending  this  operation'' are  not  yet 
accurately  known  .;  but  the  orange-coloured  precipitate 
which  is  obtained  is  extremely  faline,  and  eafily  reduced 
to  the  metallic  hate  by  heat.  As  muriate  of  ammoniac 
does  not  a6f  upon  a folution  of  gold  in  aqua  regia, 
therefore  platina,  alloyed  with  gold,  may  be  feparated 
from  the  latter  by  folution  in  aqua  regia,  and  fubfe^ 
quent  precipitation  by  muriate  of  ammoniac.^ 

§ DXX.  Since  platina  is  never  found  in  large 
malfes,  and  as  it  is  fo  difficult  of  fufion,  recourfe 
has  been  had  to  other  methods  to  obtain  it  in  larger 
malfes.  To  this  end  we  take  platina,  free  from  iron, 
and  fufc  it  witb  arfenic,  or  glafs  of  phofphorus.  The 
latter  is  feparated  by  continued  heat,  and  thus  we  ob- 
tain a concrete  porous  fubhance,  which  may  be 
formed  into  a folid  mafs  under  the  hammer. 

LXXIV.  OF  SILVER. 

5 DXXI.  Silver,  next  to  gold,  is  the  moft  malle- 
able of  all  metals.  Its  fpecific  gravity  to  water  is 
10.5107.  It  fuffers  no  change  in  the  atmofphere. 

, On  expofure  to  fire  it  fufes,  after  having  acquired 
a white  heat,  and,  when  cooled,  ffioots  into  aclaedral 
cryftals.  If  the  degree  of  heat  be  intenfe,  it  vola- 


tilizes  and  becomes  oxided,  and  is  ultimately  con- 
vened into  glafs  of  an  olive-green  colour. 

§ DXXIL  Silver  is  very  rapidly  difiblved  in  pure 
nitric  acid,  and  a confiderable^  quantity  of  nitrous 
gaz  is  difengaged.  This  folution,  which  is  either 
fomewhat  green  or  colourlefs,  according  as  the  acid 
is  more  or  lefs  concentrated,  deftroys  animal  matter, 
and  tinges  it  black.  Two  parts  of  nitric  acid  diffolve 
one  part  of  filver,  and  the  concentrated  folution  de- 
pofits  white  foliated  brilliant  cryftals,  known  by  the 
name  of  nitrate  of  filver.  One  hundred  parts  of 
nitric  acid  require  375  parts  of  filver  for  complete 
faturation,  and,  according  to  Leonhard,  100  parts  of 
the  cryllals  of  nitrate  of  filver  contain  64  parts  filver, 
22  acid,  and  14  water. 

J DXXILI.  Cryftallized  nitrate  of  filver  remains 
dry  in  atmofphcric  air;  but,  on  expofure  to  light, 
k lofes  its  whitenefs,  and  becomes  black.  Thrown 
upon  burning  coals  it  detonates,  when  the  filver  re- 
mains in  the  form  of  a white  powder.  Melted  in  a 
crucible,  it  fwells  up,  and  then  fufes.  In  this  manner 
we  obtain  a black,  porous,  femi*cryllaHized  mafs, 
known  by  the  term  lapis  injernalis.  This  fubftance 
is  bed  prepared,  for  medical  purpofes,  when  a folu- 
tion of  nitrate  of  filver,  evaporated  to  drynefs,  is 
melted  in  a filver  crucible^  and  afterwards  poured 
into  the  ufual  moulds.  This  nitrate  of  filver,  it  ap- 
pears, is  partly  decompounded  and  changed  into  an 
oxide  of  filver;  but,  if  kept  too  long  in  the  fire,  the 
whole  mafs  will  be  reduced  to  a metallic  ftate. 
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J DXXIV.  The  nitric  acid  folution  of  filver  h 
decompofed  by  the  fixed  alkalis,  which  precipitate 
the  filver  in  the  form  of  a white  oxide,  reducible  to 
its  priftine  metallic  ftate  by  fufion.  Cauftic  ammoniac 
decompofes  it  but  flowly,  and  the  precipitated  oxide 
of  filver  appears  of  a grey  colour.  But  we  obtain 
an  olive-green  precipitate  by  means  of  lime-water, 

» If  this  latter  oxide  be  digefted  with  pure  ammoniac, 
it  becomes  black,  and  polfelfes  the  property  of  being 
reduced  with  detonation  by  the  flighteft  friftion.  This' 
fubftance  is  termed  fulminating  filver,  the  theory  of 
which  coincides  with  that  of  fulminating  gold. 

^ DXXV.  Almoft  all  metals  and  femi-metals  de-» 
compofe  the  folution  of  filver  in  the  nitric  acid,  and 
precipitate  this  metal  in  a metallic  ftate.  Hence,  a plate 
of  copper,  being  immerfed  in  a folution  of  this  kind, 
is  prefently  covered  with  white  glittering  flakes,  which 
are  metallic  filver,  while  the  copper,  on  the  contrary, 
is  diftolved  in  the  nitric  acid.  When  filver  is  preci- 
pitated from  its  folution  by  mercury,  it  inftantly 
combines  with  the  remainder  of  this  metal,  and  thus 
produces  very  fingular  phenomena^  which  we  ftiall 
confider  hereafter. 

§ DXXVI.  Although  the  muriatic  acid  may  have  a 
greater  affinity  for  filver  than  the  nitric  acid,  yet  it  does 
not  at!  direHly  upon  it  when  in  the  ftate  of  metal, 
but  diffolves  it  with  great  facility  when  in  the  ftate  of 
oxide.  Hence,  if  an  oxide  of  filver,  precipitated 
from  its  folution  by  pot-afli,  be  digefted  with  hot 
muriatic  acid,  a combination  takes  place,  and  muriate 
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of  fllver  is  formed.  But  we  obtain  this  fait  In  a 
much  eafier  way,  by  adding  pure  muriatic  acid  to  a 
nitric-acid  folution  of  filvcr;  for  thus  the  filver  com- 
bines with  the  muriatic  acid,  and  produces  a fub- 
ftance  almoO:  inlbluble  in  water,  which  falls  to  the 
bottom  in  the  form  of  white  flocculi.  The  fameefFeflis 
produced  by  double  decompofition  with  all  muriatic 
neutral  falts;  for,  on  adding  the  latter  to  a folution  of 
lilver,  the  filver  combines  with  the  muriatic  acid,  and 
the  alkali  with  the  nitric  acid.  This  muriate  of  filver, 
in  either  cafe,  is  termed  luna  cornea.  One  hundred 
parts  of  muriatic  acid  combine  with  420  parts  of  filver, 
and  100  parts  of  luna  cornea  contain  75  parts  of  filver, 
18  of  acid,  and  7 parts  of  water, 

§ DXXVII.  Luna  cornea  is  but  (lightly  foluble 
in  water,  for  one  pound  of  water  diffolves  no  more 
than  4 or  5 grains  of  it.  Expofed  to  the  atmofphere 
and  light,  it  is  fpeedily  deprived  of  its  wdfitenefs,  and 
becomes  brown.  It  readily  melts  in  the  fire  into  a 
green  tranfparent  mafs,  which  may  be  cut  with  a 
knife  like  horn.  At  a more  intenfe  and  lading  heat, 
it  is  partly  decompofed  and  partly  volatilized. 

^ DXXVII  I.  Luna  cornea  is  decompounded  by 
the  fixed  alkalis.  Hence,  if  four  parts  of  cauftic 
or  mild  pot-afh  be  well  fufed  in  a crucible  with  one 
part  of  luna  cornea,  the  filver,  after  the  crucible 
has  been -cooled,  is  found  under  a ftratum  of  fulphate 
of  pot-afli  and  the  remaining  alkali.  The  filver  ob- 
, lained  by  this  process  is  the  pureil  that  can  be  ob- 
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tained  by  chemical  means ; and  all  filyer,  intended 
for  nice  purpofes,  ought  to  be  thus  purified. 

§ DXXIX.  Luna  cornea  is  likewife  decom> 
pounded  by  feveral  other  metals,  as  lead,  tin,  iron, 
&c.  If  three  parts  of  any  of  thefe  metals  be  fufed 
with  one  part  of  luna  cornea,  the  muriatic  acid  com- 
bines with  the  metal,  and  the  filver  is  reduced,  but 
always  alloyed  with  part  of  the  metal  employed. 

§ DXXX.  The  fulphuric  acid  has  no  aflion  upon 
pure  filver,  except  when  concentrated ; and  it  is  re- 
‘ quifite,  moreover,  to  facilitate  the  folution  by  in- 
creafing  the  temperature  of  the  acid  to  ebullition. 
The  filver,  during  the  dif»ngagement  of  fulphure-» 
ous  acid  gaz,  is  thus  changed  into  a white  powder, 
which  is  diffolved  on  the  addition  of  another  portion 
of  fulphuric  acid.  We  obtain  a fimilar  folution  if 
an  oxide  of  filver,  precipitated  from  nitrate  of  filver 
by  alkalis,  be  digefted  with  fulphuric  acid,  and  the 
white  powder  above-mentioned  is  alfo  formed  by  the 
decompofition  of  nitrate  of  filver,  by  means  of  the 
fulphuric  acid,  or  neutral  fulphates. 

§ DXXXI.  Silver  combines  very  readily  with  ful- 
phur,  and  if  thin  plates  of  filver,  ftratified  with  ful- 
phur,  be  melted  in  a crucible,  we  fhali  obtain  a 
blueifh  black  and  -brittle  fubfiance,  which  is  the  ful- 
phuret  of  filver.  But,  by  protraQed  fufion,  this  fub- 
fiance  is  again  decompounded,  the  fulphur  defla- 
grates, and  pure  filver  remains.  Sufphuret  of  pot- 
afh  alfo  difiblves  filver,  which  may  afterwards  be  fe- 
parated  in  the  ftate  of  fulphuret,  by  J^cids. 
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§ DXXXII.  One  hundred' parts  of  fulphuric  acid, 
according  to  Kirwan,  diffolve  390  parts  of  filver^ 
which  folution  flioots  into  fmall  acicular  cryftals, 
eafily  fufible  in  fire,  and  decompoundable  by  all  the 
alkalis,  and  by  iron,  copper,  zinc,  and  other  metals. 

§ DXXXIII.  The  filver  ufed  for  plate  and  coin 
is  generally  alloyed  with  copper,*  and  the  value  of 
the  compofition  is  cfiimated  by  the  quantity  of  filver 
which  it  contains.  For  this  purpoic,  the  mafs  is  divided 
into  12  parts,  called  pennyweights,  each  pennyweight 
being  fubdivided  into  24  grains.  Thus  an  alloy  of 
10  pennyweights  and  12  grains  of  filver,  and  one 
pennyweight  12  grains  of  copper,  is  faid  to  be  filver 
10  pennyweights  12  grains  fine. 

LXXV.  OF  MERCURY, 

§ DXXXIV.  Mercury  is  dillmguiflied  from  all 
other  metals  and  femimetals  on  account  of  the  low 
temperature  at  which  it  appears  in  a fluid  Hate,  for 
the  ordinary  heat  of  the  atmofbhcre  is  fufficient  to 
maintain  it  in  a flate  of  fluidity,  and  it  becomes  folid 
only  at  the  temperature  of  from  32  to  45^^  below  o. 
of  Reamur’s  thermometer.  The  fpecific  gravity  of 
this  metal  is  13.  5681.  Its  malleability  and  tenacity, 
when  folid,  has  not  hitherto  been  determined. 

§ DXXXV.  It  fuffers  no  change  either' in  atmof- 
pheric  air  or  water  as  long  as  it  remains  dn  a fiate 
of  reft.  But,  by  ftrong  and  continued  agitation,  a 
fÄiall  part  of  it  is  converted  into  a blackifti  powder, 

* The  Britifli  coinage  is  ii  ounces  2 pennyv/eights  fine,  T. 
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termed  ^Ethiop’s  per  fe.  On  expofure  to  fire  it  is 
heated  very  uniformly ; it  then  boils  with  rapidity, 
and  rifes  in  white  fumes,  which,  being  condenfed 
on  the  approach  of  colder  bodies,  again  exhibit  the 
metallic  mercury.  When  heated  in  conta6l  with 
atmofphcric  air,  it  is  converted  into  a brilliant  fcaly 
red  powder,  termed  calcined  mercury,  or  pre- 
cipitated per  'fe.  To  obtain  it  in  gi^eater  quantity, 
mercury  is  put  into  a phial  with  a flat  bottom  and 
a long  narrow  neck,  and  expofed  for  fome  months 
to  an  uninterrupted  heat  on  the  fand-bath,  nearly 
equal  to  that  which  produces  ebullition  of  the  mercury. 
Such  parts  of  the  metallic  mercury  as  remain  are  then 
feparated  from  the  precipitate  by  preffure  through 
leather. 

} DXXXVI.  If  this  precipitate  be  heated  in  con- 
tad  with  atmofpheric  air,  it  partly  fublimes  in  beau- 
tiful red  cryftals,  or  melts  into  a red  glafs.  Dif- 
tilled  in  clofed  veffels,  it  affords  a confiderable  quan- 
tity of  oxygen  gaz,  and  is  changed  into  metallic  mer- 
cury. As  oxygen  gaz  is  abfolutely  neceffary  to  the 
formation  of  this  precipitate,  and  as  the  lofs  of  it 
caufes  the  mercury  to  be  reduced,  it  is  evident,  that 
this  precipitate  is  a true  oxide  of  mercury. 

{ DX XXVII.  The  fulphuric  acid  does  not  ad  upon 
mercury,  unlefs  it  be  highly  concentrated.  To  effed 
this  combination,  two  or  three  parts  of  concentrated 
fulphuric  acid  are  poured  upon  one  part  of  mercury, 
and  then  heated;  a ftrong  effervefcence  takes  place,  and 
a very  confiderable  quantity  of  fulphureous  acid  gaz 
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is  developed.  If,  in  this  manner,  the  mixture  be 
diftilled  to  drynefs,  the  retort  is  found  to  contain  a 
■white  faline  mafs,  which  confifts  chiefly  of  oxide  of 
mercury  and  a fmall  portion  of  fulphuric  acid. 
This  fubftance  weighs  one  third  more  than  the  mer- 
cury made  ufe  of,  and  attra8:s  humidity  from  the 
atmofphere.  It  is  termed  fulphate  of  mercury. 

§ DXXXVIII.  If  this  fulphate  of  mercury  be  , 
wafhed  in  cold  water,  a white  powder,  which  is  a 
pure  oxide  of  mercury,  remains;  but,  if  boiling 
water  be  ufed  for  that  purpofe,  the  powder  becomes 
yellow,  and  is  then  termed  turbith  mineral.  By  eva- 
porating the  water,  we  obtain  fmall  acicular  cryftals, 
which,  by  pouring  hot  water  on  them,  are  alfo 
changed  into  turbith  mineral. 

5 Sulphate  of  mercury,  if  fuperfatu- 

rated  with  acid,  is  not  precipitated  by  water.  But  in 
both  cafes  it  is  decompounded  by  alkalis  and 
alkaline  earths,  which  precipitate  the  mercury  in  the 
{fate  of  a yellow  oxide,  reducible  by  Are  alone. 

5 DXL.  The  nitric  acid  a61s  upon  mercury  with 
great  facility;  but  the  phenomena,  which  accompany 
this  folution,  differ  according  as  the  acid  is  more  or 
iefs  concentrated,  and  according  to  the  application 
or  non-application  of  artificial  heat.  If  nitric  acid 
of  a moderate  ftrength  be  affufed  upon  mer- 
cury without  beat,  the  folution  proceeds  very 
flowly,  and  without  any  confiderable  quantity  of 
red  vapours.  The  liquid,  thus  obtained,  is  not 


changed  on  afFußng  pure  water  upon  it,  and,  when 
fufFered  to  reft,  affords  ffat  tetraedral  cryftals,  but, 
if  evaporated,  ftriated  prifms. 

{ DXLL  If  the  folution  of  mercury  in  the  ni- 
tric acid  be  aflifted  by  heat,  a much  greater  quan- 
tity of  nitrous  gaz  is  difengaged,  and,  on  the  addi- 
tion of  pure  water,  nearly  the  whole  of  the  mercury 
is  precipitated  in  the  form  of  a white  powder,  or,  if 
boiling  water  be  ufed,  as  a yellow  powder.  This 
folution,  when  evaporated,  yields  a white  femi- 
cryftallized  mafs. 

§ DXLII.  The  caufe  of  thofe  folutions  differing 
from  each  other  is  probably  this;  that  the  folution, 
formed  by  the  aid  of  heat,  contains  a much  greater 
quantity  of  oxide  of  mercury  than  that  which  is 
prepared  in  the  cold;  and  that,  on  the  addition 
of  water,  the  acid  is  unable  to  maintain  the 
whole  of  the  oxide  in  folution,  whence  it  is  pre- 
cipitated : for  the  precipitate,  acquired  in  this 
manner,  is  a mere  oxide  of  mercury,  and  the  re- 
maining liquor  ftill  contains  nitrate  of  mercury.  A 
folution  of  mercury  prepared  in  the  cold,  after  being 
ftrongly  heated,  is  alfo  decompounded  by  water,  be- 
caufe  apart  of  the  nitric  acid  is  decompounded,  and, 
cqnfequently,  the  proportion  of  the  oxide  of  rner- 
cqry  to  the  acid  is  increafed.  Finally,  if  a freffi 
quantity  of  nitric  acid  be  added  to  the  folutions  above- 
mentioned,  the  precipitate  is  again  diflbived. 
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§ DXLIII.  This  folution,  as  well  as  cryftallized 
nitrate  of  mercury,  is  extremely  cauftic,  and  tinges 
the  fldn  yellow.  The  fait  aflumes  the  fame  colour, 
if  dry,  and  expofed  to  the  atmofphere.  It  detonates 
upon  burning  coals.  When  heated  in  clofed  veifels 
it  becomes  yellow,  and  ultimately  red,  when  it 
is  termed  red  precipitate  of  mercury.  During  this 
operation,  the  molt  confiderable  part  of  the  nitric 
acid  is  decompounded,  and  comes  over  in  the  ftate 
of  oxygen  and  nitrogen  gazes.  The  red  precipitate 
is,  therefore,  an  oxide  of  mercury,  fill  combined 
with  a frnall  portion  of  nitric  acid.  It  is  fublimcd 
and  reduced  to  metallic  mercury  when  heated  more 
llrongly  and  for  a greater  length  of  time. 

DXLIV.  Nitrate  of  mercury  is  decompofed  by 
alkalis,  calcareous  earth,  baryt,  and  magnefia,  which 
precipitate  a mercurial  oxide  of  a colour  more  or 
Icfs  approaching  to  green  or  brown,  reducible  by 
heat  alone.  If  half  a dram  of  this  oxide  be  tri- 
turated with  fix  grains  of  flowers  of  fulphur  and 
expofed  to  the  fire  in  an  iron  ladle,  the  mixture  ex- 
plodes with  a loud  noife,  and  a blueifh  powder,  which 
is  fulphuret  of  mercury,  remains. 

DXLV.  Common  muriatic  acid  produces  no  effe6i: 
upon  mercury  when  in  the  ftate  of  metal,  but  it  a£lS' 
very  powerfully  upon  it  when  reduced  to  an  oxide; 
therefore,  whenever  muriatic  acid  and  oxide  of 
mercury  come  eidier  dire611y  or  indireftly  into 
contaft,  they  combine  and  form  a fait  which  is 
perfeSIy  infoluble  in  water.  Hence,  if  muriatic 


acid,  or  a folution  of  muriatic  falts,  be  added  by 
drops  to  a nitric  acid  folution  of  mercury,  a 
decompofition  takes  place,  and  the  muriatic  acid, 
combined  with  the  mercury,  falls  to  the  bottom  of 
the  veffel  in  the  ftate  of  a white  powder,  termed 
white  precipitate  of  mercury,  or  mercurius  cofnte- 
ticus, 

§ DXLVI.  But  the  cafe  is  very  different  with  the 
oxygenated  muriatic  acid,  which,  by  combining  with 
the  mercury,  forms  a neutral  fait,  highly  foluble  in 
water,  and,  confequently,  no  precipitate  is  produced. 
This  compound  of  mercury  and  the  oxygenated  mu- 
riatic acid  is  termed,  from  the  ufual  mode  of  prepa- 
ring it,  corrofive  fublimate^  and  is  bell  obtained  by 
the  following  proceffes. 

f DXLVI  I.  Equal  parts  of  red  precipitate,  cal- 
cined fulphate  of  iron,  and  decrepitated  common  fait, 
being  well  mixed  by  trituration  in  a glafs  mortar, 
are  introduced  into  a glafs  cucurbit,  and  fublima- 
tion  is  begun  on  a fand-bath ; at  firft,  a fmall  quan- 
tity of  nitrous  gaz  is  difengaged,  a cloud  of  white 
fumes  fucceeds,  which,  being  condenfed  by  the 
fides  of  the  veffel,  confUtute  the  corrofive  fublimate. 
At  the  bottom  of  the  cucurbit  remains  a brick- 
coloured  mafs.  The  vitriolic  acid  firfl;  decompofes 
the  common  fait  and  expels  its  acid,  which  imme- 
diately a8s  upon  the  nitrate  of  mercury,  difengaging 
from  it  not  only  the  nitric  acid,  but  depriving  it  of 
part  of  its  oxygen,  whence  it  becomes  oxygenated. 
The  nitric  acid,  therefore,  paffes  off  in  the  ftate  of 
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hitrous  gaz ; the  oxygenated  muriatic  acid  combines 
with  the  mercury  and  is  fublimed,  and  fulphate  of 
foda,  a fubflance  produced  by  the  fulphuric  acid 
and  the  foda  of  the  culinary  fait,  befide  oxide  of 
iron,'  remains. 

* / 

5 DXLVIII.  Or  four  parts  of  fulphate  of  mer-. 
cury  are  triturated  with  five  parts  of  decrepitated 
culinary  fait,  and  fublimed  as  before.  In  this  pro- 
cefs  the  common  fait  is  direftly  decompounded  by 
the  fulphuric  acid,  and  the  rnuriatic  acid  which  is 
expelled  combines  with  the  mercury,  already  in  the 
ftate  of  oxide.  Laltly,  fublimate  of  mercury  is  formed 
by  the  decompofition  of  nitrate  of  mercury  by 
the  oxygenated  muriatic  acid ; for,  on  evaporating 
the  folution,  the  fublimate  ffioots  into  cryftals. 

§ DXLIX.  Corrofive  fublimate  of  mercury  has  an 
extremely  poignant,  ungrateful,  and  metallic  tafi:e,  dif- 
cernible  even  when  diluted  with  a confiderable  quan^ 
tity  of  water.  The  atmofphere  has  no  effefl  upon  it.  If 
it  be  flowly  heated,  the  whole  is  fublimed,  and,  on  the 
approach  of  colder  bodies,  alfumes  a regular  cryftal- 
)ine  form.  Its  cryftals,  ip  that  cafe,  reprefent  very 
flat  prifms.  A ftrong  heat  changes  it  to  a femi- 
vitrified  mafs.  It  is  completely  diflblved  in  fixteen 
parts  of  cold  v»^ater,  or  in  two  parts  of  boiling  water, 
and,  on  evaporating  this  folution,  it  fhoots  into  flat 
prifmatic  cryftals.  It  is  foluble,  likewife,  in  fpirit 
of  wine. 

§ DL,  Corrofive  fublpuate  is  decompounded  by  the 
fixed  alkalis,  which  precipitate  the  mercury  in  the 
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form  of  a yellow  oxide.  Ammoniac  precipitates  a 
white,  and  lime-water  a yellow  oxide.  Thi&  latter 
mixture  is  termed  phagedenic  water. 

DLL  If  equal  parts  of  metallic  mercury  and  of 
corrofive  fublimate  be  triturated  in  a glafs  mortar, 
they  combine,  and  form  a grey  powder.  If  this  mix- 
ture be  then  fublimed  in  a cucurbit,  we  find,  after 
the  operation  is  finifhed,  that  the  neck  contains  a 
fmall  portion  of  fublimate,  and  the  belly,  which  refts 
upon  the  fand-bath,  a more  folid,  -white,  and  cryftal- 
line  mafs,  termed  mercurius  dulcis. 

f DLII.  Mercurius  dulcis,  when  very  flowly  fu- 
blimed, fhoots  into  prifmatic  tetraedral  cryftals,  with 
tetraedral  extremities.  This  fublimate  is  perfectly 
infipid,'  and  almoft  infoluble  in  water.  After  it  has 
repeatedly  undergone  the  procefs  of  fublimation,  it 
is  termed  calomel.  During  thefe  operations,  a fmall 
portion  of  metallic  mercury  is  alv/ays  feparated 
and,  of  courfe,  a proportionate  quantityof  corrofive 
fublimate  is  obtained. 

§ DLII  I.  The  mercury,  which  is  a(fded  to  the  cor- 
rofive fublimate,  becomes  an  oxide,  by  combining  with 
the  fuperabundant  portion  of  oxygen  of  the  oxygenated 
muriatic  acid,  which  thus  becomes  common  muriatic 
acid,*  with  which  the  o?;ide  of  mercury  umtes* 
This  combination  is  rendered  more  intimate  by  fub- 
fequent  fublimation ; and  mercurius  dulcis  confiits 
therefore  of  common  muriatic  acid  and  a greater 
portion  of  oxide  of  mercury.  Hence,  it  is  obvious, 
that  the  white  precipitate  of  mercury  approaches  very 
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nearly  to  mercurius  dulcis,  and  accordingly  we  find, 
that  the  former  may  be  changed  into  the  latter  by 
fublimation  alone. 

§ DLIV.  Mercurius  dulcis  is  partly  reduced  and 
partly  decompounded  by  repeated  fublimation,  and  the 
refidue  is  ultimately  corrofive  fublimate.  The  whole 
of  the  mercurius  dulcis  may  be  thus  changed  into 
corrofive  fublimate.  The  common  method  of  pre- 
preparing calomel  is,  therefore,  abfurd.  But  to  be 
certain  that  the  mercurius  dulcis  is  not  mixed  with 
corrofive  fublimate,  it  is  proper  to  wafli  it  in  tepid 
water.  If  the  mercurius  dulcis  become  grey,  and 
not  yellow,  when  triturated  with  lime-water,  and  if 
it  then  change  the*colour  of  gold  coin  white,  it  is  a 
fign  that  it  has  been  properly  prepared. 

§ DLV.  Corrofive  fublimate  is  decompounded  by 
different  metals,  fuch  as  arfenic,  copper,  antimony, 
tin,  (fee.  If  an  amalgam  of  mercury  and  tin  be  tritu- 
rated with  an  equal  portion  of  corrofive  fublimate, 
and  flowly  diftilled  in  a retort,  we  fhall  obtain  a 
brown  liquor,  which,  in  conta6l  with  atmofpheric  air, 
emits  white  fumes  for  a confiderable  time.  This  is 
termed  fuming  fpirit  of  Libavius.  If  the  diftillation 
be  protra8:ed,  an  infpiffated  liquor  fucceeds,  which 
becomes  folid  when  cooled,  and  is  termed  butter  of 
tin. 

5 DLVI.  During  this  procefs,  the  oxygenated 
muriatic  acid  quits  the  mercury,  and  combines  with 
the  tin,  forming  the  fuming  fpirit  of  Libavius, 
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which  is,  therefore,  a true  oxygenated  muriate  of 
tin.  The  combination  of  this  oxy-muriate  with 
water  is  attended  with  effervefcence  and  a difen- 
gagement  of  nitrogen  gaz.  It  forms,  if  mixed  with 
water  in  the  proportion’of  7 to  22,  a folid  mafs,  which 
is  very  fimilar  to  butter  of  tin,  viz.  common  muriate 
of  tin.  Fuming  fpirit  of  Libavius  may  alfo  be  con- 
verted into  fuch  common  muriate  of  tin  by  dire6l 
combination  with  a new  portion  of  tin. 

§ DLVII.  Mercury  combines  very  readily  with 
fulphur,  and,  if  triturated  with  it  for  fome  time  in 
a glafs  mortar,  it  difappears,  and  we  obtain  a black 
powder,  termed  ^F-thiop’s  mineral  prepared  without 
fire.  The  combination  of  thefe  two  bodies  is 
effefted  hill  quicker  if  feven  parts  of  mercury  be 
gradually  affufed  upon  one.  part  of  fulphur,  melted 
in  an  unglazed  earthen  veffel.  In  a very  fliort  time 
the  mafs  becomes  black  and  infpiffated;  wc  ought 
then  to  beware  of  the  noxious  vapours  by  cover- 
ing the  veffel  till  it  is  cooled.  The  fubftance,  thus 
obtained,  is  yFthiop’s  mineral  prepared  by  fire. 

§ DLVII  I.  This  latter  ^Ftbiops  differs  from  the 
former  in  as  much  as  it  contains  a greater  quantity  of 
mercury,  and  as  the  combination  is  more  intimate. 
By  fubliming  it  in  a cucurbit,  we  obtain  artificial 
cinnabar,  which,  when  levigated  with  water  upon  a 
ftone  table,  appears  of  a deep  fcarlet. 

§ DLIX.  Cinnabar  is  decompounded  not  only  by 
alkalis  and  lime,  but  alfo  by  different  metals,  which 
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combine  with  the  fulphur,  and  expel  the  mercury  in 
a very  pure  metallic  ftate.  Ouicklime  and  iron  pro- 
duce this  efFe6l  in  an  eminent  degree. 

§ DLX.  Mercury  combines  alfo  with  moft  of 
the  other  metals,  with  which  it  forms  half-folid 
mafies,  termed  amalgams;  the  procefs  itfelf  is 
termed  amalgamation.  Some  metals  combine  very 
readily  with  it,  and  without  the  aid  of  any  confiderable 
portion  of  heat;  fuch  as  gold,  filver,  lead,  See, 
others,  on  the  contrary,  combine  more  difficultly  with 
mercury;  as  platina,  iron,  copper,  Szc.  and  cobalt 
and  antimony  do  not  combine  with  it  at  all. 

§ DLXT.  Moft  of  thefe  amalgams,  when  melted 
and  cooled,  affurae  a regular  cryftaliized  form;  and 
metals,  combined  with  mercury,  may  be  obtained  in 
a cryftalline  ftate,  if  the  mercury  be  gradually  ex- 
pelled from  them  by  heat. 

§ DLXII.  The  cryftallization  of  amalgam  of 
filver,  if  eft'e8.ed  in  a particular  way,  produces  a 
beautiful  phenomenon,  commonly  termed  arbor 
Dianae.  The  beft  method  is  to  mix  hx  drams  of  the 
folution  of  nitrate  of  filver  with  four  drams  of  the 
folution  of  nitrate  of  mercury.  Thefe  are  to  be  di- 
luted with  five  ounces  of  diftilled  water,  and  poured 
into  a glafs  veffel  of  the  form  of  an  inverted  cone,  con- 
taining fix  drams  of  an  amalgam  of  feven  parts  of  mer- 
cury and  one  part  of  filver.  By  this  means,  the  folution 
of  filver  is  flowly  decompounded  by  tbemercury  of  the 
amalgam;  and  the  filver,  which  is  precipitated  in  a me- 
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taflic  form,  is  attracled  by  the  remaining  amalgam,  and 
thus  produces  that  beautiful  arborefcence  which  is  the 
obje8;  of  this  procefs. 

§ DLXIII.  Mercury  combines  very  readily  with 
tin,efpecially  if  the  latter  be  previoufly  fufed.  This 
amalgam  is  ufed  for  covering  the  back  furface  of  look- 
ing-glaifes,  and  combined  with  zinc,  for  coating  the 
cufhions  of<^le8:rical  machines. 

LXXVI.  OF  COPPER. 

§ DLXIV,  Copper,  or  Venus  of  the  Alchemifts,  is 
a very  hard,  elaftic,  malleable,  tenacious  metal,  of  a 
granular  frafture.  Its  fpecihe  gravity  is  8.8785-1.0000. 
It  lofesits  metallic  fplendour  on  expofure  to  the  at- 
mofphere,  and  becomes  invelled  with  a green  ochre, 
efpecially  if  the  air  be  moiO:.  But  this  ochre  only 
covers  the  furface  of  the  metal,  and  even  prevents  its 
further  deftrudion. 

§ DLXV.  On  expofure  to  fire  it  melts  after  be- 
coming white,  and  volatilizes  with  a green  flame. 
During  cooling,  it  afl'umes  the  form  of  oQaedral 
cryllals.  Heated  in  conta8;  with  atmofpheric  air,  its 
furface  becomes  an  oxide,  which  may  be  feparated 
from  the  remaining  mafs  in  the  form  of  fcales  of  a 
blackifh  red  colour,  by  ftriking  it  with  a hammer, 
efpecially  if  the  copper,  when  removed  from  the  fire, 
be  plunged  into  cold  water. 

§ DLXVL  The  fulphuric  acid  does  not  afl  upo{> 
copper  except  when  in  a concentrated  ftate,  and  at 
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the  temperature  of  ebullition.  We  obtain,  in  that 
cafe,  a dry  white  fubftance,  conhfting  of  oxide  and 
fulphate  of  copper,  which  by  lixiviation  in  water, 
filtration,  and  evaporation,  affords  oblong  rhomboidal 
cryftals,  of  a beautiful  blue  colour,  termed  blue 
vitriol,  or  fulphate  of  copper.  One  hundred  parts 
of  fulphuric  acid  diffolve  260  parts  of  copper;  and 
100  parts  of  cryflallized  fulphate  of  copper  contain 
27  parts  of  copper,  30  parts  of  acid,  and  43  parts 
of  water  of  cryftallization. 

^ DLXVII.  Sulphate  of  copper  has  a ftiptic  difa- 
greeable  tafte.  It  readily  diffolves  in  three  parts  of 
boiling  water.  Atmofpheric  air  changes  it  into  a 
white  powder.  On  expofure  to  lire,  it  melts  with  great 
facility;  but,  if  the  heat  be  increafed,  it  is  decom- 
pounded, the  acid  efcapes,  and  the  copper  remains  in 
the  ftate  of  oxide. 

} DLXVIII.  The  fixed  alkalis,  as  well  as  the  al- 
kaline earths,  decompofe  the  blue  vitriol,  and  precipi- 
tate its  copper  in  the  ftate  of  a blueifh  oxide ; but 
which,  when  dried,  becomes  green.  Mild  alkalis 
precipitate  the  copper  without  effervefcence,  on 
which  occauon  the  carbonic  acid  feems  to  unite  with 
the  oxide  of  copper.  Iron,  however,  precipitates  it 
in  the  form  of  metal. 

5 DLXIX.  The  nitric  acid  diffolves  copper  with 
great  violence,  and  difengages  at  the  fame  time  a con- 
liderable  quantity  of  nitrous  gaz,  but  a fmall  portion 
of  brown  oxide  of  copper  is  always  feparated  during 
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this  procefs.  The  folution  is  extremely  cauftic;  its 
colour  is  dark  blue  ; by  careful  evaporation  it  yields 
hexaedral  prifmatic  or  rhomboidal  cryftals,  foluble 
in  fpirit  of  wine,  and  decompoundable  by  fire  alone, 
when  the  copper  remains  in  the  ftate  of  a brown 
oxide.  Thefe  cryftals  are  likewife  decompounded 
by  alkalis,  alkaline  earths,  iron,  and  zinc.  The 
former  precipitate  a blue  oxide,  but  the  two  latter 
metallic  copper. 

§ DLXX.  The  muriatic  acid  a6ls  upon  copper 
and  its  oxide  only  when  concentrated  and  affifted  by 
heat,  though  more  readily  upon  the  latter.  The  fo- 
lution appears  of  a beautiful  green  colour,  and  depo* 
fit?,  when  cooled,  very  beautiful  prifmatic  cryftals,  of 
a very  aftringent  acrid  tafte,  foluble  in  fpirit  of  wine, 
and  fufible  in  a moderate  heat,  but  which  do  not 
part  with  their  acid  unlefs  the  heat  be  inten fe. 
This  muriate  of  copper  is  decompounded  by  the 
fame  bodies  which  decompofe  fulphate  and  nitrate  of 
copper. 

§ DLXX  I.  The  fixed  alkalis  a£l  but  very  (lightly 
upon  copper;  ifa  folution  of  cauftic  pot-afh,  or  foda, 
be  digefted  upon  copper  filings,  it  becomes  fomewhat 
blue,  and  the  copper  is  covered  at  the  fame  time 
with  a powder  which  is  alfo  blue.  It  is  faid  that 
thofe  alkalis  a6l  more  powerfully  upon  copper  in 
the  cold  than  when  the  temperature  is  increafed,  and 
that  the  prefence  of  atmofpheric  air  is  abfolutely 
ncceffary. 


19Ö 

5 DLXXIL  Copper  is  very  readily  difTolved  by 
cauftic  ammoniac,  but  only  in  fmail  quantity.  The 
folution  appears  of  a moft  beautiful  dark  blue.  But 
this  colour  difappears  if  the  folution  be  kept  for 
fome  time  in  a clofed  veffel,  but  returns  on  expofure 
to  the  atmofphere.  The  folution  affords  by  flow  eva- 
poration brilliant  blue  cryftals,  which,  as  well  as  the 
folution,  are  decompounded  by  fire ; in  which  cafe  the 
ammoniac  efcapes,  and  the  copper  remains  in  the  fiate 
of  a green  oxide.  Pure  ammoniac  a61s  as  powerfully 
upon  oxide  of  copperas  upon  copper  itfelf;  and  as 
even  the  fmalleft  quantity  of  copper  communicates  to 
the  ammoniac  a beautiful  blue  colour,  we  make  ufe  of 
this  alkali  to  deleft  the  prefenee  of  copper  in  various 
mixtures. 

§ DLXXIII.  Copper  combines  very  readily 
with  fulphur,  efpecially  in  the  dry  way,  if  a 
mixture  of  copper  filings  and  flowers  of  fulphur,  or 
copper  fpangles  and  fulphur,  difpofed  in  ftrata,  be 
melted  in  a crucible.  We  obtain,  in  either  cafe,  a 
blackifli,  brittle,  and  very  fufible  mafs,  termed  ful- 
phuret  of  copper.  Tiiis  fubftance  is  decompounded 
by  roafting;  the  fulphur  is  diffipated,  and  a brown 
oxide  of  copper,  termed  burnt  copper,  remains.  But, 
if  this  operation  be  made  by  a gentle  heat  only,  and 
in  contaft  with  atmofpheric  air,  the  fulphur  will  com-  / 
bine  with  the  oxygen  of  the  atmofphere,  and  form 
fulphuric  acid;  which,  with  the  oxide  of  copper, 
forms  fulphate  of  copper. 

§ D LX XIV.  Hepar  of  fulphur  combines  with 
copper  both  in  the  moift  and  dry  way.  Hence,  if 
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two  parts  of  hepar  offulphur  be  melted  in  a crucible 
with  one  part  of  copper  filings,  we  obtain  a liver-co- 
loured mafs,  which  is  perfeBly  foluble  in  water; 
and  from  w^hich  acids'  precipitate  both  the  copper  and 
the  fulphur. 

LXXVI.L  OF  IRON. 

§ DLXXV.  Iron,  (Mars,)  is  diftinguifhed  from 
all  the  other  metals  by  its  property  of  being  attraded 
by  the  magnet,  and  of  becoming  magnetic  itfelf.  This 
metal  is  very  hard  and  tenacious.  Its  fpecific  gravity 
is  between  7.207c.  and  7.8163.  Its  malleability  is 
not  confiderable,  for  it  becomes  brittle  by  hammering. 
Moreover,  it  is  the  only  metal  which  has  its  particles 
detached  and  fufed  when  ftruck  with  flint  or  hard 
ftones.  Laftly,  with  manganefe  it  forms  a conftituent 
part  of  all  animal  and  vegetables  bodies. 

§ DLXXVI.  Pure  iron  requires  a moft  intenfe 
heat  for  fufion ; but  very  fine  iron  filings,  thrown  into 
flamej  fufe,  and  burn  with  luftre.  Thq  fame  efFed  is 
produced  if  greater  maffes  of  iron  be  expofed  to  the  - 
adion  of  large  burning  lenfes,  or  to  a flream  of 
oxygen  gaz,  when  they  melt  and  burn  with  a blue 
flame,  are  half  oxided,  and  become  black  and  brittle. 
Iron,  on  expofure  to  the  fire,  is  oxided  before  it 
melts;  and,  if  kept  red  hot  for  fome  time,  its  furface 
is  covered  with  black  fcales,  or  fcoriae,  which  may  be 
feparated  on  flriking  it  with  a hammer.  If  thefe 
fcoriae,  or  frefli  iron  filings,  be  heated  for  fome  time 
under  a muffle,  they  will  be  changed  into  a brown 


powder,  which  is  not  obedient  to  the  loadilone,  term- 
ed allringcnt  crocus  Martis. 

§ DLXXVII.  Larger  rnalTes  of  melted  iron, 
when  (lowly  cooled,  (hoot  into  oöaedral  cryftals.  It 
admits  of  a limilar  but  lefs  perfeft  cryilallization,  if, 
when  (Irongly  heated,  it  be  inftantly  plunged  into 
water,  or  other  liquids,  and  thus  fuddenly  cooled. 
The  rcafon  is,  that  the  particles  of  the  iron,  removed 
from  each  other  by  the  heat,  have  not,  on  account  of 
their  (udden  refrigeration,  fullicient  time  to  contraQ, 
and  fall  into  the  fame  order  in  which  they  exifted  be- 
fore, whence  the  iron  becomes  hard  and  brittle. 
This  operation  is  called  tempering.  Steel  is  fitted; 
for  this  purpofe. 

5 DLXXVIII.  Iron,  on  expofure  to  the  atmof- 
phere,  efpecially  if  moifi,  lofes  its  metallic  luftre, 
and  its  furfacc  becomes  invefied  wdth  a brown  yellow 
cruft,  called  ruft.  This  calcination  of  iron  extends, 
by  degrees,  through  the  whole  mafs,  and  much 
quicker  in  places  where  the  air  is  corrupted,  than 
where  it  is  pure.  Thus  iron  filings,  by  fprinkling 
water  upon  them,  and  expofing  them  to  the  atmof- 
phere,  are  at  length  converted  entirely  into  ruft; 
which,  when  levigated,  was  formerly  termed  Aperient 
crocus  martis.  Ruft,  diftilled  in  clofe  veffels,  affords 
a confiderable  quantity  of  carbonic  acid  gaz,  and  a 
black  oxide  of  iron  remains.  Ruft  is  not  therefore 
merely  an  oxide  of  iron,  but  partly  a true  fait,  formed 
by  the  carbonic  acid  and  iron. 
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5 DLXXIX.  Water,  at  the  common  temperature  of 
the  atmofphere,a6tsupon  iron  with  confiderable  power. 
If  it  be  poured  into  a veflel  containing  pure  iron 
filings,  and  agitated  from  time  to  time,  the  filings  will 
be  converted  into  a delicate  powder,  termed  martial 
sethiops.  During  this  change  of  the  iron,  hydrogen  ga2 
is  developed;  and  the  aethiops  obtained  is  found  to 
be  one-fourth  heavier  than  the  filings  made  ufe  of. 
Hence,  it  appears,  that  the  water  is  partly  decona- 
pounded  during  the  above  operation,  that  its  oxygen 
unites  with  the  iron,  rendering  it  a femi-oxided  inafs, 
which  is  ftill  obedient  to  the  loadftone,  and  that  the 
other  conftituent  of  the  water  efcapes  in  the  form  of 
inflammable  air,  or  hydrogen  gaz.  Martial  aethiops 
is  foon  changed  into  perfect  calx,  when  expofed  to  the 
aimofphere,  and  ought  therefore  to  be  kept  in  veflels 
carefully  clofed.  This  black  aethiops  is  obtained  ftill 
more  readily  in  the  manner  defcribed({  DLXXVIII.) 
or  by  conducting  the  vapours  of  . water  over  red  hot 
iron,(5CXIX.) 

§ DLXXX.  The  concentrated  fulphuric  acid 
aCls  upon  iron  only  at  the, temperature  of  ebullition, 
in  which  cafe  we  obferve  either  a difengagement  of 
fulphureous  acid,  or  a feparation  of  the  fulphur  itfelf. 
But,  if  the  acid  be  diluted  with  water,  it  diflblves  the 
iron  with  great  violence,  and  a confiderable  quantity  of 
hydrogen  gaz  is  formed.  As,  in  the  latter  cafe,  the 
fulphuric  acid  combined  with  the  iron  requires  pre- 
cifelythe  fame  quantity  of  alkali  for  faturation  which 
it  would  have  required  before  the  combination  took 
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place;  and  as  in  the  former  ca5^'>the  folution  of  the 
iron  is  attended  with  difficulty  and  a feparation  of  the 
fulphur  itfelf,  we  have  a right  to  conclude,  that  in  the 
latter  cafe  the  iron  is  oxided  by  the  water  of  the  mix- 
ture alone,  and  that  it  is  then  only,  and  not  before, 
diffolved  in  the  fulphuric  acidi 

^DLXXXL  One  hundred  parts  of  fulphuric  Lcid 
require  270  parts  of  iron  for  complete  fatura- 
tion ; and  the  folution,  when  evaporated,  ffioots 
into  green,  tranfparent,  rhomboidal  cryftals,  termed 
artificial  vitriol,  or  fulphate  of  iron,  100  parts  of 
which,  according  to  Rinmann,  contain  25  parts  of 
iron,  20  parts  of  acid,  and  55  parts  of  water  of  cryf- 
tallization.  Sulphate  of  iron  has  an  aftringent  tafte. 
It  is  decompounded  in  the  air , for  the  oxide  of  iron, 
attracling  a new  portion  of  oxygen  from  the  atmof- 
phcic,  can  remain  no  longer  in  combination  with  the 
fulphuric  acid,  and  is  therefore  feparated  in  theftate 
jof  crocus  Martis,  The  fame  phenomenon  isobferved 
on  difiolving  it;  for  the  furface  of  the  folution  i^ 
gradually  covered  with  a yellow  pellicle,  which  r,e- 
fleüs  various  colours. 

§ DLXXXIL  Sulphate  of  iron  melts  on  expofurc 
to  the  fire,  and,  after  lofing  its  water  of  cryftallization, 
becomes  a white  powder,  which,  calcined  fome  time 
longer,  is  partly  deprived  of  its  acid,  and  affumes  a 
red  colour.  This  red  fulphate  of  iron  attra6ls  the 
humidity  of  the  air  with  great  eagernefs,  and,  if  it  be 
difiilledin  a ftrongfire,  it  parts  with  all  its  acid,  no- 
thing remaining  in  the  retort  but  a red  oxide  of  iron. 
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§ DLX XX I II.  Sulphate  of  iron  is  petfeäly  dif- 
folved  in  fix  parts  of  cold,  or  in  two  parts  of  boil- 
ing water,  when  fome  of  the  oxide  of  iron  is  always 
feparated.  After  the  greateft  part  of  the  fulphate  of 
iron  is  cryftallized,  there  remains,  even  if  the  folu- 
tion  be  previoufly  filtrated,  a brown  incryftallizable 
mother-water,  which  feems  to  contain  the  iron  in  a 
more  oxided  ftate,  and  which  when  evaporated  to  dry- 
nefs  affords  a yellowifh  green  powder.  The  iron  is 
alfo  precipitated  from  this  mother-water  by  alumin, 
copper,  and  even  by  metallic  iron,  which  cannot  be 
done  with  pure  fulphate  of  iron. 

{ DLXXXIV.  Sulphate  of  iron  is  decompounded 
by  quicklime  and  alkalis.  Lime-water  and  the 
cauftic  fixed  alkalis  precipitate  the  iron  in  flakes 
of  a greenifli  hue;  .which  being  carefully  dried 
in  clofe  velTels,  conftitute  a black  powder,  attrac- 
tive by  the  loadftone.  But  if  thofe  precipitants  be 
added  to  excefs,  the  precipitate  is  again  diflblved, 
and  gives  to  the  folution  a red  colour.  iErated 
fixed  alkalis  precipitate  the  iron  in  the  ftate  of  a 
greenifli  oxide,  which  is  not  diflblved  by  them 
when  fuperfaturated.  Pure  ammoniac  precipitates 
a blackifti  green  oxide  of  iron,  which  is  obedient  to 
the  loadftone,  but  not  diflblved  on  the  addition  of 
another  portion  of  ammoniac ; but  the  greyifli  green 
oxide  of  iron,  precipitated  by  mild  ammoniac,  is 
partly  diflblved,  if  the  ammoniac  be  ufed  to  excels» 

§ DI^XXXV.  Iron  is  very  readily  diflblved  in 
the  nitric  acid^  when  a confiderable  quantity  of 


nitrous  ga2  is  difeogaged.  If  the  nitric  acid  be  Gon- 
centrated,  and  iron  filings  made  ufe  of,  we  (hall  ob- 
tain a brown  red  folution,  which  is  gradually  de- 
compounded when  brought  into  contabt  with  the 
atmofpherej  the  iron  being  depofited  in  the  form  of 
a yellow  oxide.  This  folution  is  likewife  decom. 
pofed  on  the  addition  of  nev/  iron,  becaufe  the  iron 
is  difTolved  in  the  nitric  acid,  and  the  oxide,  con- 
tained in  the  folution,  is  precipitated.  In  order, 
thereforCf  to  obtain  a more  permanent  folution  of  iron 
in  the  nitric  acid,  the  acid  ought  to  be  much  diluted 
with  water,  and  the  iron  fliould  be  taken  in  larger 
maffes.  In  this  cafe  we  obtain  a folution  of  a pal« 
green  colour,  which,  like  the  former  folution,  is 
decompounded  by  evaporation,  and  changed  into  a 
gelatinous  mafs. 

§ DL XXXVI.  Both  mi’ld  and  cauftie  alkalis  pre- 
cipitate t!:e  iron  from  its  folution  in  nitric  acid. — 
The  pure  alkalis  precipitate  it  in  the  ftate  of  a 
brown  oxide,  which,  on  the  addition  of  more  alkali, 
is  difiblvcd  oniy  in  a flight  degree.  But  the  mild  alka- 
lis precipitate  a yellow  red  oxide,  which  is  com- 
pletely difTolved  in  an  additional  portion  of  the  al- 
kali. The  liquor  thus  formed,  coiififting  of  regene- 
rated nitre,  oxide  of  iron,  and  mild  alkali,-  has  a 
brown ifh  red  colour,  and  is  known  by  the  name  of 
StaaTs  alkaiine  tinbiure  of  iron. 

^ DLXXXVTL  This  alkaline  tincture  of  iron  is 
gradually  deprived  bf  its  colour,  and  parts  with  its 
Qxide.  It  is  decompounded  by  aeids^  and  the  n'tiie 


agy 

acid  precipitates  a brick-coloured  oxide,  which  is 
foluble  in  acids.  Pure  and  mild  ammoniac  preci- 
pitate the  iron  from  its  folution  in  nitric  acid  as  a 
dark  green  oxide,  which  is  again  diholved  in  the 
latter  of  thofe  alkalis.  The  alkaline  tinüure  of 
iron,  thus  obtained,  is  very  red. 

§ DLXXXVIII.  Iron  is  fpeedily  diffolved  in  mu- 
riatic acid  diluted  with  water;  and,  on  this  occa- 
fion,  a copious  quantity  of  hydrogen  gaz  is  developed. 
As  the  muriatic  acid,  fubfequent  to  its  combination 
with  the  iron,  requires  precifely  the  fame  quantity  of 
alkali  for  fatiiration  as  before,  we  have  reafon  to 
conclude,  that  the  iron  alfo,  in  this  cafe,  is  oxided 
folely  by  the  water  of  the  mixture,  and  that  it  is  then 
only,  and  not  before,  taken  up  by  the  acid.  This  folu- 
tion has  a greenifh  yellow  colour,  and  is  eafily  pre- 
ferved  in  bottles  carefully  clofed ; but,  on  expofure  " 
to  the  atmofphere,  the  greater  part  of  the  iron  is 
depofited  in  the  ftate  of  a yellow  powder,  the  colour 
of  which  is  darker  the  longer  the  folution  has  been 
in  coniaQ:  with  the  atmofphere. 

5 DLXXXIX.  Muriate  of  iron  does  not  admit  of 
a regular  cryftallization ; for,  by  evaporating  the 
folution,  we  obtain  a femi-cryftallized  mafs,  which 
deliquefces  in  the  atmofphere,  and  is  then  termed 
oil  of  iron.  This  mafs,  however,  melts  by  a gentle 
heat ; but,  if  the  heat  be  increafed,  it  is  partly  de- 
compounded; the  acid,  combined  with  a final!  quan- 
tity of  iron,  comes  over,  and  the  remaining  iron  is 
left  in  the  ftate  of  a yellowifh  brown  oxide.  Alka- 
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lis  and  lime,  in  like  manner,  decompofe  this  folution, 
but  the  oxide  which  is  precipitated  i^  lefs  changed, 
and  may  be  eafily  reduced  tq  martial  sethiqps,  or  a 
black  femi-oxide  of  iron. 

§ DXC.  Sal  ammoniac  is  decompounded  by 
iron,  efpecially  when  in  the  ftate  of  oxide.  Hence, 
if  equal  parts  of  bloodftone  and  fal  ammoniac  be 
fublimed  in  a cucurbit  with  an  alembic,  we  obtain, 
at  firft,  a fmall  portion  of  volatile  alkali,  and  after- 
wards fal  ammoniac  varioufly  tinged  by  the  oxide  of 
iron,  termed  flowers  of  martial  fal  ammoniac.  In  the 
retort  there  remains  a fmall  portion  of  fal  ammo- 
niac, mixed  with  muriate  pf  iron,  on  which  account 
it  deliquefces  in  the  air, 

§ DXCJ.  Carbonic  acid  and  iron  combine  very 
well;  and  if  water,  impregnated  with  this  acid,  be 
poured  upon  iron  filings,  it  will  receive  an  aftringent 
and  pungent  tafle.  When  we  expofe  this  folution  to 
the  atmofphere,  its  furface  will  be  covered  with  a 
pellicle,  which  refleBs  various  colours,  and  the  fq- 
lution  is  at  the  fame  time  decompounded,  and  depo- 
fits  a brown  oxide  of  iron.  The  fame  effefl  is  pro- 
duced by  heat.  The  mild  alkalis  have  no  a6lion 
upon  it ; but  cauftic  alkalis  decompofe  it,  and  pre- 
cipitate the  iron  in  the  form  of  a brown  oxide. — 
This  folution  is  met  with  in  mineral  chalybeate 
waters. 

{ DXCII.  Sulphur  a6ls  upon  iron  at  the  com- 
mon temperature  of  the  atmofphere ; foTj  if  water  he 
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fprinkled  upon  iron  filings  and  fulphur,  the  mixture 
becomes  heated  after  fome  time,  and  emits  aqueous 
vapours  and  hydrogen  gaz,  and  ultimately  inflames, 
if  the  mafles  be  great.  Sulphur  and  iron  combine 
very  readily  in  the  fire,  and  form  a yellow  and  very  . 
fufible  fubftance,  termed  artificial  pyrites,  or  fulphu«  ^ 
ret  of  iron. 

} DXCIII.  Iron  and  carbon  combine  with  great 
facility  in  the  dry  way;  and  the  compofition  which  is 
thus  formed  poffefles  very  fingular  properties,  greatly 
different  from  thofe  of  iron.  Thefe  bodies  may  be 
combined  in  different  proportions:  a confiderable 
quantity  of  pure  iron,  united  to  a fmall  portion  of 
carbon,  forms  fteel.  The  method  of  preparing  it 
confifts  in  putting  bars  of  iron  into  veffels  filled  with 
powdered  carbon,  or  fuch  bodies  as  contain  carbon 
in  abundance,  and  afterwards  expofing  them  to  an 
intenfe  heat;  by  which  means  the  iron  is  not  only 
purified,  and  more  perfeüly  reduced,  but  it  alfo  ab- 
forbs  a part  of  the  carbon.  Steel  principally  differs 
from  iron  in  its  greater  fufibility,  and  its  capacity  of 
becoming  much  harder. 

5 D X C IV.  But  if  iron  be  combined  with  a ftill  greau 
er  portion  of  carbon,  it  forms  that  peculiar  body  which 
is  known  by  the  name  of  plumbago,  or  black  lead. — 
.We  have  not  hitherto  been  able  to  produce  a perfeB: 
fpecimen  of  this  fubftance  by  art;  but  nature  contains 
it  in  confiderable  abundance.  It  fuffers  no  change," 
either  in  water  or  atmofpheric  air,  nor  when  expofed  to 
fire  in  clofe  veffels,  but  burns  flowly  if  it  be  heated  in 
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contaS:  with  air,  and  nothing  remains  but  a fmall  por- 
tion of  oxide  of  iron.  It  is  decompounded  by  treat- 
ing it  in  the  dry  way  with  the  cauftic  fixed  alkalis, 
which  remain  in  a mild  ftate.  During  this  procefs, 
the  carbon  is  burnt  in  confequence  of  the  decom^ 
ppfition  of  the  water  contained  in  the  falls ; for  hy- 
drogen gaz  is  difengaged,  the  carbonic  acid  which  is 
generated  combines  with  the  alkali,  and  the  pure  iron 
remains  in  the  ftate  of  oxide..  Acids  produce  no  ef- 
fe6l  upon  plumbago.  With  nitre  it  detonates  like 
pure  charcoal,  and  mild  pot-afti,  mixed  with  a fmall 
portion  of  iron,  remains. 

5 DXCV.  Caft  iron  differs  from  fteel  in  its 
containing  the  iron  in  a femi-oxided  ftate;  and  from 
plumbago,  in  its  containing  a leffer  proportion  of 
carbon.  It  poffefles  the  fufibility  and  brittlenefs  of 
fteel,  but  is  incapable  of  receiving  the  fame  degree 
of  hardnefs. 

LXXVIII.  OF  TIN. 

§ DXCVI.  Tin  (Jupiter)'  is  the  lighteft  of  all 
metals,  its  fpecific  gravity  being  7.3065.  Its  tenacity 
is  inconfiderable ; but  it  polfeffes  a great  degree  of 
malleability,  which  is  proved  from  its  being  wrought 
into  thin  plates.  It  is  but  (lightly  elaftic,  and  fo  ex- 
tremely foft  as  to  receive  an  impreffion  from  the  nail 
of  one’s  finger.  Itcaufes  a fingular  crackling  noife 
when  bent. 

§ DXCVII.  Tin  fuffers  no  other  change  on 
expofure  to  the  atmofphere  than  that  its  furface  is 
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fomewhat  tarnifhed ; and  for  the  fame  reafon,  water 
oxides  it  but  flowly,  and  fuperficially.  It  melts  with 
great  facility  in  the  fire  previous  to  ignition ; and  when 
melted  in  contaä  with  air,  its  furface  is  oxided,  and 
covered  with  a white  fhrivelled  pellicle,  which,  be- 
ing removed,  is  immediately  fucceeded  by  a fecond 
pellicle,  fo  that  the  whole  mafs  of  tin  may  be  converted 
into  a calx,  which  is  termed  putty.  But  if  tin  be  fud- 
denly  ignited,  it  burns  with  a white  flame,  and  fub- 
limes  at  the  fame  time  in  an  oxided  form. 

§ DXCVIII.  Melted  tin  difficultly  cryflallizes  on 
cooling,  when  it  forms  rhomboidal  cryftals.  A flrong 
fire  changes  the  oxide  of  tin  into  glafs,  without  the 
aid  of  a flux.  But  with  vitrifiable  bodies,  it  forms 
a white  and  opaque  enamel.  It  is  eafily  reduced  to 
ils^  metallic  ftate  by  the  addition  of  inflammable 
bodies. 

5 DXCIX.  The  concentrated  fulphuric  acid,  aided 
by  heat,  readily  diffolves  tin,  and  on  this  occafion 
fulphureous  acid  gaz  is  produced.  This  folution  is 
extremely  cauflic,  and,  being  cooled,  depofits  fmall 
acioular  cryftals.  A continued  heat  and  reft  de- 
compound the  folution,  and  precipitate  the  oxide  of 
tin,  which  is  again  diflblved  in  an  additional  portion 
of  fulphuric  acid.  The  fixed  alkalis  precipitate  the  tin 
from  this  folution  in  the  ftate  of  a very  white  oxide. 

5 DC.  The  nitric  acid  a6ls  very  powerfully  upon 
tin,  which  is  changed  into  a white  oxide,  whilft  nitrous 
gaz  is  developed.  The  remaining  nitric  acid  con- 
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tains  but  a very  finall  portion  of  tin  in  folutiouj  and 
even  this  is  feparated  during  evaporation.  This 
oxide  of  tin,  when  dried,  forms  a femi-tranfparent 
corneous  fubllance.  If  a greater  quantity  of  nitric 
acid  be  thus  flowly  and  perfeflly  decompounded 
by  tin,  we  obtain,  on  evaporating  the  water,  a fait  in 
the  form  of  acicular  cryftals,  which  is  true  flaming 
nitre.  For  during  this  operation  the  water  mixed  with  ^ 
the  nitric  acid  is  alfo  decompounded  by  the  tin ; its 
oxygen  oxides  the  tin,  and  the  hydrogen  which  is  dif- 
engaged  combines  with  the  nitrogen  feparated  from 
the  nitric  acid,  and  forms  ammoniac,  which,  by 
uniting  with  a part  of  the  remaining  nitric  acid,  be* 
contes  flamin^g  nitre. 

§ DCI.  The  concentrated  muriatic  acid  even  in  the 
cold  afls  upon  tin,  and  diffolves  it,  whilll  a very  ' 
fetid  inflammable  gaz  is  produced.  We  obtain  a 
yellow  folution  not  decompoundable  by  reft,  which, 
being  evaporated,  forms  beautiful  brilliant  acicular 
cryftals,  deliquefeent  in  atmofpheric  air.  Alkalis 
' and  lime  precipitate  the  tin  in  the  ftate  of  a white 
' oxide. 

§ DCI  I.  The  oxygenated  muriatic  acid  diftblves 
tin  quietly,  and  without  effervefcence.  The  tin,  in 
this  cafe,  is  oxided  by  the  fuperabundant  oxygen, 
and  then  diftblved  in  the  remaining  muriatic  acid, 
which  folution  differs  in  no  refpeft  from  the  former. 
Tin  is  alfo  readily  diffolved  in  aqua  regia;  the.  fo- 
lution is  yellow,  and  generally  depofits  acicular  cryf- 
tals ; but,  if  the  folution  be  formed  too  h^ftily,  we 
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fliall  obtain  a gelatinous  tranfparent  mafs,  the  oxide 
of  tin  being  feparated.  {$  DLV,  and  DLVI.) 

§ DCIII.  Tin  has  a great  tendency  to  combine 
with  fulphur;  and,  if  thofe  two  bodies  be  fufed,  they 
form  a brittle  femi-cryftalHzed  mafs,  which  is  the 
fulphuret  of  tin.  By  combining  fulphur  with  tin,  we 
obtain  alfo  the  fubftance  termed  aurum  mufivum. — 
For  this  purpofe  you  form  an  amalgam  of  eight  part? 
of  tin  and  the  fame  quantity  of  mercury,  and  mix  it 
with  fix  parts  of  fulphur  and  four  parts  of  fal  ammo- 
niac ; this  mixture,  being  expofed  to  fire,  in  an  open 
cucurbit,  inflames,  and  a delicate  fublimate  of  a golden 
colour,  or  aurum.  mufivum,  is  obtained.^ 

LXXIX.  OF  LEAD. 

§ DCIV.  Lead  (Saturn)  is  the  fofteft,  the  leaft 
tenacious,  and  the  leafl:  elaftic  of  all  metals.  Its 
fpecific  gravity  is  ii.  5523-1.0000.  It  is  tarniflied 
jn  the  open  air,  and  covered,  by  degrees,  with  a 
white  crufl,  which  is  not,  however,  a pure  oxide  of 
lead,  but  a fubftance  formed  in  fome  meafure  by  the 
carbonic  acid  of  the  atmofphere.  Pure  water  produces 
fcarcely  any  effeft  upon  lead,  and  the  oxidation  ob- 
ferved  on  the  furface  of  leaden  pipes  is  rather  to  be 
attributed  to  heterogeneous  particles  contained  in  the 
water, 

5 DCV.  Lead  melts  by  a gentle  heat  before  it 
becomes  ignited,  and,  when  cooled,  aflumes  the  form 
of  oftaedral  cryftals.  But  if  the  heat  be  very  ftrong, 
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h fublimcs  in  the  form  of  white  fumes.  Melted  In 
contact  rsdth  atmofpheric  air,  it  is  foon  covered 
with  a grey  pellicle,  a true  oxide  of  lead,  into  which 
the  whole  mafs  may  be  converted  by  agitation.  If 
this  oxide  be  feparated  from  the  particles  of  lead  not 
yet  calcined  by  means  of  a lieve,  and  again  heated 
till  it  becomes  red  hot,  it  affumes  a yellow  colour^ 
and  is  then  called  maOicot;  which,  if  carefully  and 
{lowly  heated  for  fome  time  longer,  alfumes  a deep 
red  colour,  being  then  termed  minium.  But,  if  the 
heal  be  increafed  too  fuddenly,  both  the  mafficot 
and  the  minium  melt  into  a yellow  femivitrihed  mafs, 
called  litharge,  which  cannot  be  reduced  to  minium. 

^ DCVI.  If  minium  be  heated  in  clofe  veffels  till  it 
become  red  hot,  it  lofes  part  of  its  oxygen  gaz,  and 
becomes  paler.  By  an  intenfe  heat  it  is  changed  into 
a yellow  glafs.  When  fitfed  with  a fmall  portion  of 
common  glafs,  it  conllitutes  flint-glafs,  which  refraBs 
the  rays  of  light  much  ftronger,  and  forms,  therefore, 
a neceflary  ingredient  in  the  compofition  of  the  obje6l 
glaffcs  in  achromatic  telefcopes.  All  the  oxides  of 
lead  attraQ  the  carbonic  acid  of  the  atmofphere  with 
great  eagernefs;  and  fhould,  therefore,  be  kept  in 
veffels  which  are  carefully  clofed. 

^ DCVII.  Lead  is  diffolved  in  the  fulphuric  acid 
only  when  boiling,  on  which  occafion  fulphureous 
acid  gaz  is  developed,  and  the  mixture  is  changed  into 
a dry  white  mafs.  This  body  confifts  partly  of 
pure  oxide  of  lead,  and  partly  of  fulphate  of  lead, 
which,  being  w^alhed  in  hot  water,  and  then  evapo- 


rated,  fhcx)ts  into  fmall  acicular  cryftals.  This  fait 
is  very  caullic.  It  requires  i8  parts  of  water  for 
folution,  and  is  decompounded  by  alkalis,  fire,  and 
quicklime. 

5 DC VI II.  The  concentrated  nitric  acid  has  a 
moft  powerful  effed  upon  lead,  which  is  changed  into 
a white  oxide^  whilft  nitrous  gaz  is  evolved.  But,  if 
the  nitric  acid  be  diluted,  and  taken  in  greater  quan- 
tity, we  obtain  a true  folution,  which  depofits  fix-fided 
prifmatic  cryftals.  Thefe  detonize  on  burning  char- 
coal, and  leave  a yellow  oxide  of  lead,  which  is  eafily 
reduced  to  its  metallic  ftate.  They  are  decompound- 
ed by  alkalis  and  quicklime;  alfo  by  the  fulphuric 
acid,  which  combines  with  the  oxide  of  lead,  on  ac- 
count of  its  greater  affinity,  and  is  precipitated  with 
it  in  the  form  of  a white  powder. 

§ DCIX.  Although  the  muriatic  acid  a8:  dire6Uy 
upon  this  metal,  yet  muriate  of  lead  is  much  better 
prepared  by  adding  the  muriatic  acid  to  a folution  of 
nitrate  of  lead;  for  thus  the  muriatic  acid  combines 
with  the  oxide  of  lead,  and  is  precipitated  with  it 
in  the  form  of  a white  powder,  named  plumbum 
corneum,. which  requires  30  parts  of  boiling  water  for 
perfetl  folution,  and  cryltatlizes  in  fmall  needles.  It 
is  decompounded  by  alkalis,  calcareous  earth,  and  firev 

§ DCX.  Sal  ammoniac  is  deGompounded  by  mi- 
nium, and,  if  fal  ammoniac  and  miniuna  be  diftilied  in. 
a retort,  we  obtain  caullic  fpirk  of  fal  ammoniac^ 
and  plumbum  corneum  remains  in  the  retort.  In  ge^ 
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uml,  the  oxides  of  lead  are  diffolVed  in  acids  With 
the  fame  facility  as  the  metal  itfelf, 

J DCXI.  Lead  combines  very  readily  with  fulphur, 
and,  if  thefe  two  bodies  be  melted,  we  obtain  a bril- 
liant, femi-cryftallized,  brittle  mafs,  termed  fulphuret 
of  lead*  This  fubftance  refills  the  aftion  of  fire  much 
more  than  lead  itfelf.  Hepar  of  fulphur  dilfolves 
lead  both  in  the  moifl  and  dry  way. 

LXXX.  OF  ANTIMONY. 

5 DCXI  I.  What  is  commonly  termed  antimony  is 
not  the  pure  femimetal  of  that  name,  but  a fubftance 
generally  compofed  of  this  femimetal  and  fulphur^ 
becaufe  it  is  extrafled  in  this  Hate  from  the  mineral^ 
and  employed  in  commerce.  Chemilts,  therefore,  by 
way  of  diftinflion,  ufually  call  the  pure  femimetal  re- 
gulus  of  antimony.  This  metal  is  very  brittle,  and 
may  be  eafily  reduced  to  powder.  Neither  air  nor 
water  produces  any  particular  elfeH  upon  it.  Its 
fpecific  gravity  is  6.7021-1.0000. 

JDCXIII.  Antimony  is  difficult  of  fufion,  and 
does  not  melt  till  after  it  becomes  red  hot.  It  then 
volatilizes  unaltered  in  a metallic  Hate,  provided  the 
procefs  be  carried  on  in  a clofe  veffiel.  If  gradually 
cooled,  after  fufion,  it  cryflallizes  either  in  hexaedral 
pyramids,  or  becomes  a lamellated  mafs,  whofe  fur- 
face  exhibits  a ftar.  It  is  fpeedily  oxided  when 
melted  jn  open  veffels,  emitting  white  fumes,  which 


adhere  to  the  fides  of  the  veffel,  or  upon  the  furfaca 
of  the  metal,  in  the  form  of  white  aciculae,  called 
argentine  flowers  of  antimony.  Thefe  flowers  vola- 
tilize unaltered  on  expofure  to  fire,  and  partly  melt 
into  a tranfparent  glafs  of  a pale  yellow  colour. 

{ DCXIV.  The  fulphuric  acid  a6ls  upon  antimony 
when  boiled  with  it,  a confiderable  quantity  of  ful- 
phureous  acid  gaz  is  developed,  and,  towards  the 
end  of  the  operation,  even  a fmall  portion  of  ful- 
phur.  A mafs  is  thus  formed,  which  confifls  chiefly 
of  the  oxide  of  antimony,  and  of  a fmall  quantity  of 
fulphateof  antimony.  The  latter  may  be  feparated 
from  the  former  by  wafhing ; and  thus  we  obtain  an 
uncryftallizable,  deliquefcent,  neutral  faltj  decom- 
poundable by  fire,  alkalis,  alkaline  earths,  and  even 
by  water,  if  affufed  in  great  quantity. 

f DC XV.  The  nitric  acid,  even  cold,  afts  very 
powerfully  upon  antimony;  but  alfo  on  this  occafion, 
moft  of  the  metal  is  merely  oxided,  and  but  a very 
fmall  part  of  it  is  taken  up  by  the  acid.  This  folu- 
tion,  after  being  evaporated,  yields  an  uncryftallizable 
faline  mafs,  which  is  decompounded  by  heat,  alkalis, 
and  abforbent  earths.  The  oxide  of  antimony,  thus 
obtained,  is  very  white,  and  not  reduced  to  the  ftate 
of  metal,  except  with  the  greateft  difficulty. 

§ DCXVI.  The  muriatic  acid  does  not  a£l  as  power- 
fully upon  antimony  as  other  acids  do,  and  it  requires 
a long  digeftion  to  diflblve  it  direQly  in  this  acid.  If 
the  iolution  be  then  evaporated,  we  obtain  a deli- 
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quefcent  fait,  ia  finall  acicular  cryftals,  which  are  de- 
compofed  by  water,  and  perfediy  volatilized  in  fire ; 
in  fhort,  this  fait  is  very  fimilar  to  butter  of  anti- 
mony. 

5 DCXVIL  The  bed  and  mod  peiTcfii:  folvent  of 
this  femimetal  is  aqua  regia,  which  a6ds  upon  it  with 
great  violence,  and  diferrgages  nitrous  gaz.  The  neu- 
tral fait  which  is  thus  produced  deliquefces  in  the 
atmofphere,  and  is  decompounded  by  the  alkalis  and 
alkaline  earths,  in  the  fame  manner  as  the  folutions  of 
this  femimetal  are  by  the  two  other  mineral  acids. 

§ DCXVIII.  Regulus  of  antimony  combines 
very  readily  with  fulphur;  and,  if  equal  parts  of 
antimony  and  fulphur  be  fufed  in  a crucible,  we 
obtain  a crydallized  driated  mafs,  very  fimilar  to 
antimony  as  extrafted  from  the  ore,  but  which  con- 
tains only  half  its  weight  of  fulphur. 

{ DCXIX.  Sulphuret  of  antimony,  or  crude  anti- 
mony, is  more  fufible  than  the  pure  metaL  If  it 
be  melted  in  an  open  veflel,  by  an  intenfe  heat,  the 
fulphur  is  carried  off  in  the  form  of  yellow  flowers, 
and  the  antimony  which  remains  is  fublimed  in  the 
date  of  a white  oxide.  But,  by  an  uninterrupted  gentle 
heat,  by  which  the  antimony  does  not  melt,  the  ful- 
phur is  gradually  burnt,  and  the  regulus  of  antimony 
remains  in  the  date  of  a grey  oxide.  For  this  purj: 
pofe  crude  antimony,  previoufly  reduced  to  powder, 
is  roaded-  in  a flat  ^earthen  veffel,  and  continually 
ftirred  with  the  tube  of  a tobacco-pipe,  till  it  ceafes 
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to  fmoke:  fliould  the  mafs  adhere  it  ought  to  be 
pounded  anew. 

5 DCXX.  If  this  grey  oxide  be  expofed  to  a 
llronger  heat,  in  a crucible,  it  melts  into  a tranfparent 
glafs  of  an  hyacinthine  colour,  termed  glafs  of  an- 
timony. But  it  is  requifite,  for  this  purpofe,  that  the 
antimony  be  not  entirely  deprived  of  its  fulphur,  for 
otherwife  we  fhall  not  obtain  a beautiful  glafs,  but 
merely  a grey  opaque  mafs. 

§ DCXXI.  If  equal  parts  of  pulverized  nitre 
and  crude  antimony  be  mixed,  and  thrown  into  a 
red  hot  crucible,  a detonation  takes  place,  and  if 
the  covered  crucible  be  then  kept  in  the  fire  for 
forae  minutes  longer,  we  find,  when  cooled,  that  it 
contains  a ponderous,  hard,  glittering,  hepatic  mafs, 
covered  with  grey  fcoriae,  termed  liver  of  antimony. 
During  this  procefs  the  nitre  is  decompofed  by  the 
fulphur  of  the  antimony,  for  that  part  of  the  fulphur 
which  is  changed  into  fulphuric  acid  combines  with 
one  part  of  the  alkali  of  the  nitre  and  forms  ful- 
phate  of  pot-afh,  whilft  the  other  part  of  the  alkali 
combines  with  the  fulphur  which  is  not  changed,  and 
forms  fulphuret  of  pot  afli.  Thefe  two  bodies  re- 
main partly  united  with  the  regulus  of  antimony, 
with  which  they  forrn  fulphuret  of  antimony,  and 
partly  with  a fmall  portion  of  antimony  only,  thus 
forming  the  fcoriae. 


{ DCXXII.  Sulphuret  of  antimony  is  likewife 
prepared  by  melting  crude  antimony  with  the  fixed 
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alkalis.  This  fulpburet,  however,  does  not  contain 
fulphate  of  pot-afh,  but  a greater  portion  of  alkali, 
whence  it  deliquefces  in  the  atmofphere. 

§ DCXXIIL  If  fulphuret  of  antimony,  pre- 
pared as  mentioned,  DCXXL)  be  well  waflted  in 
water,  an  oxide  in  antimony,  combined  with  a fmall 
portion  of  hepar  of  fulphur,  remains.  This  fubftance 
is  known  by  different  names,  as  Crocus  antimonii, 
Crocus  metallorurn,  &c.  By  evaporating  the  water 
we  obtain  fulphate  of  pot-afli,  mixed  with  a certain 
portion  of  antimony. 

^ DCXXIV.  If  reftified  fpirit  of  wine  be  af- 
fufed  and  digefted  upon  fulphuret  of  antimony, 
{JDCXXII.)  while  hot,  we  obtain  a tinflure  of  a 
chefnut  colour,  commonly  termed  fimple  or  tartari- 
zed  tinflure  of  antimony.  The  alcohol  during  this 
procefs  diffolves  a fmall  portion  of  the  fuperabundant 
alkali,  which  has  become  more  cauftic,  and  alfo  a part 
of  the  oxide  of  antimony. 

5.  DCXXV.  If  the  fulphuret  of  antimony 
{§  DCXXI)  be  boiled  in  a great  quantity  of  water, 
and  then  filtrated  and  cooled,  it  depofits  a brown 
powder,  which,  waffed  and  dried,  is  known  by  the 
name  of  golden  fulphur  of  antimony  of  the  firfl  pre- 
cipitation. The  greateft  part  of  the  oxide,  com- 
bined with  a fmall  portion  of  fulphur,  is  here  fepa- 
rated  from  the  hepar  of  fulphur  impregnated  with  a 
great  portion  of  the  metal. 
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^ DCXXVL  Now,  if  an  acid,  for  inftance  tliG 
fulphuric  or  acetic  acid,  be  added  by  drops  to  the 
remaining  liquid,  a new  precipitate  is  formed  of  a 
much  fainter  colour  than  the  firft,  termed  golden  ful- 
phurof  antimony  of  the  fecond  precipitation.  LaRly, 
on  the  addition  of  more  acid,  we  obtain  a precipitate 
of  an  orange  colour,  called  golden  fulphur  of  anti- 
mony of  the  third  precipitation.  The  hepar  of  ful- 
phur  is  decompounded  by  the  acids,  and  the  fulphur 
expelled;  but  the  fulphur  precipitated  firft  contains 
more  of  the  oxide  of  antimony  than  the  fecond,  and 
the  laft  portion  contains  fcarcely  any ; hence  the  va- 
riety of  their  colours. 

§ DCXXVIL  As  the  firft  of  thofe  precipitates 
is  never  preferibed  in  medicine,  and  the  fecond  but 
very  rarely,  on  account  of  their  draftic  qualities; 
and  as  the  power  of  the  third  is  too  variable  and  un- 
certain, we  have  of  late  adopted  a method  by  which 
this  medicine  may  be  had,  fo  as  to  contain  a deter- 
minate proportion  of  the  fulphur  and  antimony  moft 
intimately  combined.  For  this  purpofe  two  ounces 
of  pulverized  antimony,  one  and  a half  of  flowers  of 
fulphur,  and  fix  of  dry  pot-afh,  are  melted,  and 
afterwards  diflblved  in  pure  water.  Or  the  mixture 
of  antimony  and  flowers  of  fulphur  above-mentioned 
is  boiled  in  an  aqueous  folution  of  cauflic  pot-afii 
till  perfectly  diflblved.  In  both  cafes  you  filtrate  the 
folution,  dilute  it  with  a great  quantity  of  water^.and 
add  diluted  fulphuric  acid  till  the  precipitation  en- 
tirely ceafes.  This  precipitate,  being  edulcorated  and 
dried,  conftitutes  golden  fulphur  of  antimony,  loo 
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parts  of  which  contain  always  25  parts  of  the  oxide 
of  antimony,  and  75  parts  of  fulphur. 

§ DCXXVIII.  Another  medicine,  fimilar  to  the 
former,  is  kermes  mineral,  or  pulvis  carthufianorum. 
One  part  of  pulverized  antimony  and  four  parts  of 
poL-aih  are  boiled  for  a quarter  of  an  hour  with  fix- 
teen  parts  of  water  in  an  iron  pan;  the  folution, 
being  filtrated  and  fpontaneoufly  evaporated,  furniflies 
a povrdcr  of  a chefnut-colour,  which,  edulcorated 
and  dried,  confiitutes  kermes  mineral.  Thus  we 
prepare  a fulphurct  of  antimony  in  the  moift  way, 
which,  by  cooling,  parts  with  the  fulphur  and  metak 
One  hundred  parts  of  this  kermes  contain  48  parts 
fulphur,  and  52  parts  of  the  oxfde  of  antimony. 

§ DCXXIX.  If  three  parts  of  nitre,  mixed  with 
one  part  of  pulverized  antimony,  be  gradually 
thrown  into  a red  hot  crucible,  we  obtain,  after  de- 
tonation has  taken  place,  a white  mafs,  called  anti- 
monium  diaphoreticum  non  ablutum.  As  the  quan- 
tity of  nitre  employed  in  the  preparation  of  this  fub- 
itance  is  i'o  very  great,  that  not  only  all  the  fulphur 
is  changed  into  fulphuric  acid,  and  the  antimony  into 
a p^rfeel  oxide,  but  that  even  fome  of  the  nitre  re- 
mains undecompounded,  it  is  obvious,  that  the  above 
medicine  confills  of  antimony  highly  oxided,  fulphate 
of  pot  aih,  nitre,  and  a fmall  portion  of  pure  pot- 
afii. 

§ DCXXX.  If  diaphoretic  antimony  be  repeatedly 
walked  in  water,  and  thus  freed  from  all  other  faline- 
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jnatter,  there  remains  a white  and  perfe8;  oxide  of 
antimony,  termed  wafhed  diaphoretic  antimony.  On 
the  addition  of  an  acid  to  the  water  we  obtain  another 
portion  of  oxide  of  antimony,  which  differs  in  no  re- 
fpe6l  from  the  firft,  and  was  formerly  called  materies 
perlata.  By  cryftallizing  the  folution  we  obtain  a 
compound  fait,  viz.  nitre  of  antimony. 

5 DCXXXI.  If  four  parts  of  pulverized  anti- 
mony and  four  parts  of  corrofive  fublimate  be  well 
triturated  in  a glafs  mortar,  and  diftilled  over  a gentle 
fire,  from  a glafs  retort  with  a fhort  neck,  into  a 
common  receiver,  a white  mafs,  fimilar  to  butter,  is 
fublimed  in  the  neck,  and  paffes  into  the  receiver  on 
the  application  of  burning  charcoal.  If  the  heat  be 
increafed,  after  this  fubftance  has  ceafed  to  come 
over,  true  cinnabar  is  fublimed,  and  a certain  portion 
of  antimony  is  left  in  the  retort. 

{ DCXXXII.  The  fublimate  of  mercury  is  here 
decompounded,  for  the  oxygenated  muriatic  acid 
combines  with  the  antimony,  and  forms  butter  of  anti- 
mony; and  the  fulphur,  thus  difengaged,  combines 
with  the  free  mercury,  and  forms  cinnabar,  which  is, 
however,  alloyed  with  a fmall  quantity  of  antimony. 
It  was  formerly  termed  cinnabar  of  antimony.  Should 
the  butter  of  antimony  be  too  brown,  it  may  be  pu- 
rified and  rendered  colourlefs  by  repeated  diflilla- 
lion. 

§DCXXXIII.  Butter  of  antimony  maybe  prepared 
in  a much  fimpler  way,  by  taking  pure  antimony  in- 
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Üead  of  crude  antimony ; in  this  cafe,  however,  we  ob- 
tain no  cinnabar,  but  merely  metallic  mercury.  But  the 
mod:  fatisfa6lory  way  is  to  pour  four  ounces  of  diluted 
fulphuric  acid,  in  a retort,  upon  a mixture  of  two 
ounces  of  the  grey  oxide  of  antimony,  or  crocus  me- 
tallorum,  and  four  ounces  of  common  fait,  and  to  diftil 
to  drynefs;  for  the  muriatic  acid  which  is  expelled 
combines  with  the  oxide  of  antimony,  and  forms 
butter  of  antimony^  and  the  refidue  is  fal  mirabilis, 

§ DCXXXIV.  Butter  of  antimony  is  an  ex:- 
tremely  cauftic  poifonous  body,  which  liquefies  by  a 
gentle  heat,deliquefces  in  the  air,  and,  at  the  fame  time, 
depofits  the  mofi;  confiderable  part  of  its  oxide  in  a 
white  pulverulent  form.  This  decompofition  is  ef- 
fe6led  Hill  quicker  if  the  butter  of  antimony  be 
mixed  with  water,  which  copioufly  precipitates  this 
very  pernicious  oxide.  It- was  formerly  termed  aK 
garoth  powder,  or  mercurius  vitae. 

^ DCXXXV.  Acids  act  more  powerfully  upon 
crude  antimony  than  upon  regains  of  antimony,  which 
is  thus  leparatcd  from  the  fulphur.  This  is  bell 
effedcd  by  aqua  regia;  for,  if  antimony  be  digefled 
in  this  acid,  the  pure  rnetal  is  gradually  diffolved, 
and  the  {ulphiir  remains  in  the  ftatc  of  a white 
powder, 

^ DCXXXVI.  Ifilic  folutionof  antimony  in  aqua 
regia  be  evaporated  to  drynefs,  together  with  the  ful- 
phur which  is  difengaged,  and  the  grey  fubftance  thus 
produced,  mixed  with  an  equal  portion  of  the  flowers 
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fal  ammoniac,  be  fubliined  ip  a cucurbit  with  an 
alembic,  we  fhall  obtain  flowers  of  fal  ammoniac  of 
a black,  red,  yellow,  and  grey  colour;  and,  at  the 
fame  time,  a fmall  portion  of  ammoniac  paffes  into 
the  receiver.  It  is  evident,  therefore,  that  a part  of 
the  fal  ammoniac  is  decompofed  during  the  above 
procefs,  and  that  thefe  flowers  of  fal  ammoniac  confifl 
of  the  fulphur  of  the  antimony,  and  of  the  ammoniac 
combined  with  the  muriate  of  antimony.  They  are 
extremely  poifonous.  Their  common  name  is  Hel- 
mont’s  flowers  of  antimony. 

J DCXXXVII.  Regulus  of  antimony  is  fepa- 
rated  from  crude  antimony  in  the  following  manner: 
two  parts  of  pulverized  antimony,  mixed  with  three 
parts  of  crude  tartar  and  one  part  of  nitre,  are  gra- 
dually thrown  into  a red  hot  crucible;  after  deto- 
nation of  the  whole,  the  fire  is  inci"^afed  till  the  mafs 
becomes  perfe6lly  ffuid,  when  it  is  cafl  into  iron 
moulds^  previoufly  heated,  and  coated  with  wax  or 
tallow.  On  cooling  the  moulds,  the  pure  antimony 
is  found  at  the  bottom,  covered  with  brown  fcoriae, 

§ DCXXXVm.  The  detonation  of  the  nitre  and 
tartar  produces  what  is  termed  a black  flux,  or  a 
mixture  of  carbon  and  pot-afh.  This  alkali  com- 
bines, on  account  of  its  greater  affinity,  with  the  ful- 
phur of  the  antimony,  and  confequently  the  metal 
is  feparated.  Although  the  carbon  protects  the  me- 
tal, in  fome  meafure,  againfl  the  power  of  the  hepar 
of  fulphur,  yet  it  is  unable  to  do  fo  for  any  length  of 
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time)  as  it  foon  begins  to  burn.  Hence,  when  the 
nnafs  is  perfe£lly  melted,  it  ought  to  be  poured  into 
the  mould,  for  otherwife  we  fhall  experience  a confi- 
derable  lofs  of  the  metal.  The  fcoriae  are  compofed 
of  bepar  of  fulphur,  fal  polychreft,  and  a fmall  por- 
tion of  antimony. 

§ DCXXXIX.  Regulus  of  antimony  is  alfo  fepa- 
ratcd  from  crude  antimony  by  different  metals,  fuch 
as  iron,  filver,  tin,  See.  Thefe  reguli  of  antimony, 
according  to  the  metal  employed  for  the  precipi- 
tation, are  termed  martial,  lunar,  S^c.  reguli  of  an- 
timony, by  way  of  diftinBion  from  the  former,  which 
is  commonly  denominated  fimple  or  Vegetable  regulus 
of  antimony.  But,  as  the  necelfary  proportion  of 
thefe  metals  cannot  be  well  determined,  the  reguli  of 
antimony,  thus  obtained,  are  generally  alloyed  with 
part  of  the  precipitating  metal,  and  hence  they  are 
lefs  pure  than  fimple  regulus  of  antimony^ 

§ DCXL.  To  prepare  emetic  tartar,  equal  parts 
of  crocus  metallorum  and  of  purified  tartar,  in 
powder,  are  boiled  in  twelve  parts  of  diftilled  water, 
the  lixivium  is  then  filtrated  hot,  and  flowly  evapo- 
rated till  all  the  tartar  has  affumed  a cryftallized  form. 
The  fuperabundant  acid  of  tartar  diffolves  the  oxide 
of  antimony,  and  cryftallizes,  together  with  the  tarta- 
•rized  tartar,  to  which  it  communicates  an  emetic 
virtue;  but,  in  order  that  this  property  may  be 
equally  diftributed  throughout  the  whole  mafs,  it 
ought  to  be  reduced  immediately  to  powder,  and  well 
nixed. 


LXXXL  OF  ZINC, 


5 DCXLI.  Zinc,  on  account  of  its  malleability, 
approaches  neareft  to  metals ; for,  although  it  cannot  be 
e!xpanded  under  the  hammer,  yet  it  may  be  e?ctended 
into  very  thin  plates  by  means  of  flatting-milis,  nor 
can  we  reduce  it  to  powder.  Its  fpecific  gravity  is 
7.1908  ; 1.0000»  It  is  bell  granulated  by  water, 

5 DCXLI  I.  Zinc  fuffers  but  little  change  in  at- 
mofpheric  air.  It  melts  as  foon  as  it  begins  to  be 
ignited,  and  fublimes  in  clofed  veffels  without  altera- 
tion. When  flowiy  cooled  it  cryflallizes  in  tetrac- 
dral  prifms.  Melted  in  open  veffels  it  burns  with  a 
dazzling  white  flame,  and  emits  white  fumes,  which 
fubfide  in  the  form  of  white  flocculi,  and  conftitute  a 
true  oxide  of  zinc,  known  by  the  name  of  flowers 
of  zinc,  nihil  album,  pompholix. 

§ DCXLIIL  Thefe  flowers  of  zinc  are  one-fourth 
heavier  than  the  zinc  made  ufe  of,  and  are  not  vola- 
tile per  fe;  for,  when  heated  in  a crucible,  they  re- 
main fixed,  and  emit  a yellow  phofphorefcent  light. 
They  are  ultimately  reduced  to  a beautiful  tranfpa^ 
rent  glafs  by  an  exceedingly  violent  heat.  Upon 
burning  coals,  the  flowers  of  zinc,  if  pure,  become 
yellow,  by  which  means  we  may  difcover  their  adul- 
teration with  chalk, 

§ DCXLIV.  Water  produces  the  fame  effe6l  upon 
zincj  when  heatcdj  as  upon  iron;  and  if  water  or 
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aqueous  vapours  be  brought  into  conta6l  with  zinc, 
when  it  begins  to  acquire  a red  heat,  a ftrong  oxida- 
tion takes  place,  and  a confiderable  quantity  of  hy- 
drogen gaz  is  obtained,  but  always  mixed  with  car- 
bon, for  zinc  generally  contains  fome  portion  of 
carbon. 

5 DCXLV.  Diluted  fulphuric  acid  diffolves  it 
very  eahly ; much  inflammable  gaz  is  developed,  and 
a black  powder,  which  is  plumbago,  or  carburet  of 
iron,  is  generally  feparated.  The  folution,  when 
evaporated,  affords  a white  fait  in  tetraedral  prifmatic 
cryflals,  with  tetraedral  pyramidal  extremities,  termed 
white  vitriol,  vitriol  of  zinc,  fulphate  of  zinc.  This 
fait  has  an  aflringent  tafte.  It  is  partly  decom- 
pounded on  expoiure  to  the  air  or  lire,  and  very 
perfePtly  by  the  earths  and  alkalis. 

5 DCXl.VI.  The  nitric  acid,  even  in  the  cold, 
sets  upon  zinc,  and  diffolves  it.  During  the  folution 
nitrous  gaz  is  developed,  and  a fmall  portion  of 
plumbago  feparated.  The  folution  is  grceniflt,  and, 
wlien  evaporated  and  cooled,  depofits  flat  tetrae- 
dral prHinaiic  cryflals,  with  fimilar  extremities,  which 
detonate  on  burning  coals,  and  are  decompounded 
bv  alkalis  and  alkaline  earths. 

5 DCXLV II.  The  muriatic  acid  afls  as  vio- 
lently upon  zinc  as  the  nitric  acid;  but,  in  this 
cafe,  inflammable  gaz  is  formed,  and  plumbago  pre- 
cipitated. The  folution  affords  no  cryflals,  and  a 
partial  decompofition  of  it  is  effetled  even  by  a 
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a fmall  portion  of  faming  muriatic  acid,  and  the  re- 
maining muriate  of  zinc  comes  over  as  a butyraceous 
mafs.  This  fait  is  alfo  decompounded  by  alkalis  and 
alkaline  earths. 

J DCXLVIII.  If  the  acid  folutions  of  zinc  above- 
mentioned  be  decompounded,  either  by  alkalis  or 
alkaline  earths,  a white  or  yellow  oxide  of  zinc,  fo- 
luble  in  acids  and  alkalis,  is  precipitated.  Hence,  if 
during  the  precipitation  of  zinc,  more  alkali  be  em- 
ployed than  is  neceffary  to  faturate  the  acid,  the 
precipitate  difappears,  being  re-diffolved. 

§ DCXLIX.  It  is  very  difficult  to  effeH  a combi- 
nation of  zinc  and  fulphur,  either  in  the  moift  or  dry 
way,  by  artificial  means.  Nevertheleffs  an  union  of 
thefe  two  bodies  may  be  effeüed  by  continued  fufion, 
when  an  artificial  blende  is  obtained.  As  fulphur 
combines  more  readily  with  lead  than  with  zinc,  we 
therefore  make  ufe  of  it  to  feparate  zinc  from  lead. 


§ DCL.  Zinc  and  copper,  combined  in  various 
proportions,  form  thofe  compound  metals  known  by  the 
names  of  brafs,  tomback,  prince’s  metal,  fpinfpeck, 
manheim  gold,  See,  Thefe  compounds  are  harder^ 
and  more  fufible  than  copper,  and  are  lefs  liable  to 
tarniffi.  They  are  prepared  either  by  melting  the 
two  metals,  or  by  the  cementation  of  lamellae  of 
copper  between  ftrata  of  the  native  oxide  of  zinc  or 
lapis  calaminaris. 
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LXXXII.  OF  BISMUTH. 

§ DCLI.  Bifmuth  is  a femimetal  of  a large  foli- 
ated texture,  whofe  fpecific  gravity  is  9.8227-1.0000. 
Although  at  firfl  it  flightly  yield  under  the  hammer, 
yet  it  is  fufficientiy  brittle  to  be  reduced  to  powder. 

§ DCLII.  Bifmuth,  on  expofure  to  the  air,  is  tar- 
niihed,  and  ultimately  covered  with  a v^hitifli  ochre. 
It  is  very  fufible,  and  melts  long  before  it  becomes 
red  hot;  it  is  then  fublimed  in  clofed  veffels,  without 
alteration ; and,  if  gradually  cooled,  readily  cryftal- 
lizes  into  many-angled  columns.  But,  if  this  femi- 
metal be  melted  in  contaft  with  the  air,  its  furface  is 
oxided,  and  becomes  a grey  greenifh  powder.  -When 
thus  heated  to  ignition,  it  burns  with  a faint  blue 
flame  and  a yellow  fmoke,  which  condenfes  in  conta6i 
with  colder  bodies,  in  the  fonn  of  a yellow  powder, 
termed  flowers  of  bifmuth.  Thefe  flowers  remain 
fixed  in  the  fire,  but,  by  an  intenfer  heat,  they  melt  into 
a greenifh  glafs. 

5 DCLII  I.  Bifmuth  is  diffolved  in  concentrated 
and  boiling  fulphuiic  acid,  a fmall  quantity  of  ful- 
phureous  acid  gaz  is  produced,  and  a white  mafs, 
which  confifls  chiefly  of  the  oxide  of  bifmuth  and 
fulphate  of  bifmuth,  remains.  The  latter  may  be 
feparated  by  wafliing,  and  affords,  when  evaporated, 
fmall  needle-like  cryflals.  This  fait  deliquefces  on 
expofure  to  the  air,  and  is  decompounded  by  alkalis, 
alkaline  earths,  fire,  and  even  by  water,  when  affufed 
in  fufficlent  quantity. 
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( DCLIV.  The  concentrated  nitric  acid  has  a very 
powerful  effeO:  upon  bifmuth,  even  in  the  cold  5 a 
confiderable  quantity  of  nitrous  gaz  is  developed, 
and  the  colourlels  folution  obtained  furnifhes,  by 
evaporation,  fometimes  rhomboidal  and,  at  other 
times,  prifmatic  cryttals,  which  detonate  (lowly  in 
the  fire,  and  . leave  a green  oxide.  This  fait  ef0o- 
refces  in  the  atmofphere,  and  is  decompounded  when 
diflblved  in  water,  the  greateft  part  of  the  oxide 
of  Bifmuth  being  precipitated  in  the  form  of  a white 
powder.  The  fame  effed  is  produced  if  a faturated 
nitric  acid  folution  of  bifmuth  be  diluted  in  water. 
The  precipitate,  formed  in  that  cafe,  is  termed  magif- 
tery  of  bifmuth. 

5 DCLV.  The  muriatic  acid  aSs  with  great  diffi- 
culty upon  bifmuth,  and  only  when  concentrated 
and  digefted  upon  it  for  a long  time : a fetid  gaz  is  de- 
veloped, and  that  part  of  the  bifmuth  which  is  actually 
united  with  the  acid  may  be  feparated  by  wafhing  it 
with  water.  This  fait  affords  no  cryftals,  but  may  be 
fublimed,  in  which  cafe  it  forms  a foft  fufible  mafs, 
termed  butter  of  bifmuth.  It  is  likewife  decom- 
pounded by  water. 

§ DCLVI.  Sulphur  readily  combines  with  it  by 
fufion,  and  forms  a blueilh^grey  artificial  ore,  ' 
cryftallizable  in  beautiful  tetraedral  aciculae.  Bif- 
muth combines  alfo  with  tin  and  lead.  Eight  parts 
of  bifmuth,  melted  with  five  parts  of  lead  and  three 
parts  of  tin,  produce  a compofition  which  melts  at  the 
temperature  of  boiling  water. 
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LXXXIII.  OF  NICKEL* 

J DCLVIL  Nickel  is  now  confidered  by  all  Che- 
mifts  as  a peculiar  fpecies  of  femiriietab  although  it 
be  very  difficult  to  obtain  it  perfe6lly  pure,  it  being 
always  mixed  with  cobalt  and  iron.  In  its  purell 
ftate  it  has  a granular  texture,  and  is  attratled  by 
the  load-ftone.  Its  fpecific  gravity  is  7.8070.  It  is 
tenacious  and  fomewhat  malleable* 

§ DCLVIII.  An  intenfe  heat  is  required  to  fufe  it* 
When  expofed  to  fire,  in  contaB;  with  the  atmofphere, 
its  furface  is  oxided,  and  becomes  a green  powder, 
which,  melted  with  borax,  forms  a glafs  of  an  hya- 
cinthihe  colour* 

§ DCLIX.  If  the  oxide  of  nickel  be  treated  in 
the  fire  with  fiilphuric  acid,  it  will  be  changed  into  a 
grey  mafs,  and  fulphureous  acidgaz  will  be  produced. 
This  mafs,  diflblved  in  water,  affords  a beautiful 
green  folution,  which,  when  evaporated,  depofits 
beautiful  green  decaedral  cryftals,  decompoundable 
by  fire. 

§ DCLX.  The  nitric  acid  combines  both  with  me- 
tallic nickel  and  with  its  oxide.  We  obtain  a green 
folution,  which  affords  green  lamellated  cryftals*  de- 
liquefcent  in  the  atmofphere.  The  muriatic  acid 
produces  the  fame  effeö,  and,  together  with  the ' 
nickel,  flioots  into  green  rhomboidal  cryftals,  which 
are  decompounded  in  the  air. 

§ DCLXI.  Nickel,' combined  with  fulphur,  confti- 
tutes  a yellow  brittle  mafs.  The  oxide  of  nickle  is 
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difTolvQ^  in  the  moift  way  by  the  fixed  alkalis^  and^ 
like  wife,  by  cauftic  ammoniac,  with  which  it  forms  a 
dark  blue  folution. 

LXXXIV.  OF  COBALT. 

} DCLXII.  Cobalt  has  a fine,  clofe,  granular 
texture.  Its  fpecific  gravity  is  7.8819-1.0000.  It 
is  fcarcely  malleable,  and  may  be  eafily  reduced  to 
powder.  On  expofure  to  fire,  it  melts  after  it  has 
been  red  hot  fometime,  and  provided  the  heat  be 
intenfe.  Being  then  gradually  cooled,  it  cryftallizes 
in  acicular  clufters. 

§ DCLXIII.  Although  cobalt,  fufed  in  contafl 
with  the  air,  is  a little  oxided  on  its  furface,  yet 
this  oxide  is  formed  much  more  readily,  and  in 
greater  abundance,  if  regulus  of  cobalt,  reduced  to 
powder,  be  ftrongly  heated  in  a flat  veflel.  The 
oxide  of  cobalt,  thus  obtained,  is  black,  and  requires 
a very  intenfe  heat  to  be  melted  by  itfelf  into  a dark 
blue  glafs.  With  vitrifiable  bodies  and  pot-alli, 
however,  it  melts  more  eafily,  and  forms  a glafs 
more  or  lefs  blue,  which,  being  reduced  to  powder, 
conftitutes  fmalt.  Zaffre  confifls  of  a mixture  of  the 
oxide  of  cobalt  and  very  fine  fand, 

5 DCLXIV.  A combination  of  cobalt  with  the 
fulphuric  acid  is  bell  effefled  by  digefling  the  oxide 
of  cobalt  in  diluted  fulphuric  acid.  The  folution, 
obtained  in  this  manner,  is  of  a rofe-colour,  and, 
when  evaporated,  flioots  into  rhomboidal  cr}^fl;als  of 
the  fame  colour,  which  diflblve  in  fpirit  of  wine, 
efflorefee  in  the  atmofphere,  and  are  decompounded 
in  the  fire. 
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$ DCLXV.  The  nitric  acid  diffolves  cobalt  both 
as  a metal  and  as  an  oxide,  and,  by  evaporating  the 
folution,  forms  cryftals  of  a brown  red  colour, 
which  deliquefce  in  the  air,  and  are  decompounded 
by  fire.  The  ‘muriatic  acid  alfo  diflblves  the  oxide 
of  cobalt  with  great  facility.  This  folution  is  of  a 
pale  red,  and,  when  evaporated,  affords  pale  green 
acicular  cryftals,  foluble  in  fpirit  of  wine,  and  de- 
compoundable by  fire. 

§ DCLXV  I.  This  folution,  as  well  as  the  aqua- 
regia  folution  of  cobalt,  poffeffes  the  fingular  pro- 
perty, that,  when  diluted  with  water,  and  ufed  as 
an  ink,  the  letters  are  invifible,  but  appear  of  a 
beautiful  green  colour  when  heated.  This  fympathetic 
ink  is  befl:  prepared  by  adding  culinary  fait  to  a fo* 
lution  of  nitrate  of  cobalt,  for  thus  the  nitric  acid  is 
changed  into  aqua  regia,  and  the  nitrate  of  foda,  pro- 
duced at  the  fame  time,  prevents  the  paper  from  being 
eroded. 

§ DCLXV II.  The  mofl  fimple  method  of  obtain- 
ing cobalt  in  its  metallic  ftate  confifls  in  reducing  it 
from  fmalt.  To  this  end,  one  part  of  fmalt  is  fufed 
in  a crucible  with  fix  parts  of  foda;  the  mafs,  thus 
formed,  being  cooled,  regulus  of  cobalt  is  found  at 
the  bottom  of  the  crucible,  covered  with  a fcoria, 
which  is  foluble  in  water,  formed  by  the  combination 
of  foda  with  the  filiceous  earth  of  the  fmalt. 

LXXXV.  OF  MANGANESE. 

§ DCLXVIIL  We  have  long  known  a mineral 
under  the  name  of  foap  of  the  glafs-makers;  which  is 
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much  ufed  in  feveral  manufa6lories5  and  was  for* 
merly  confidered  by  mineralogifts  as  an  iron  ore. 

Within  thefe  few  years,  however,  it  has  been  proved 
that  this  body  is  a metallic  oxide,  which  may  be  re- 
duced into  a femimetal  of  a peculiar  kind,  termed 
manganefe.  This  femimetal  has  a granular  frac^  ♦ 

ture,  and  is  extremely  brittle  and  hard.  Its  fpecific 
gravity  is  from  6.850  to  7.000  : i.ooo. 

§ DCLXIX.  Manganefe,  when  expofed  to  the 
atmofphere,  is  foon  tarniflied,  and,  by  degrees,  en* 
tirely  converted  into  an  oxide.  Heated  in  conta6t 
with  atmofpheric  air,  it  is  quickly  oxided,  and  re* 
duced  to  a black  calx,  the  colour  of  which  is  deeper 
in  proportion  to  the  quantity  of  oxygen  with  which  it 
combines.  This  oxide  of  manganefe  tinges  glafs, 
when  melted  with  it,  either  of  a brown  or  blueifh  co- 
lour, which  vanifhes  when  a6led  upon  by  inflammable 
bodies,  but  is  reftored  by  means  of  nitre.  A moft 
intenfe  heat  is  requifite  for  the  fufion  of  this  metal. 

§ DCLXX.  If  the  native  oxide  of  manganefe 
be  treated  in  clofed  veffels,  it  parts  with  a confider- 
able  portion  of  its  oxygen,  but,  neverthelefs,  it  can- 
not be  reduced  per  fe.  In  order  to  obtain  metallic 
manganefe,  a fmall  portion  of  the  oxide  fhould  • be 
ftrongly  heated,  and  afterwards  formed  into  a paste, 
by  means  of  oil  and  fat,  which,  being  expofed  for 
an  hour  in  a crucible  filled  with  powdered  carbon, 
to  the  moft  violent  heat  that  can  be  raifed,  metallic 
manganefe  will  be  found  at  the  bottcmi  of  the  cru- 
cible. 
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§ D CL  XXL  Manganefe  is  eafily  diffolved  in  di- 
kited  fuiphuric  atid,  with  difengagement  of  hy-» 
drogen  gaz«  But  this  acid  diffolves  the  oxide  of 
that  metal  only  when  concentrated  and  boiling.  The 
fokitiotij  in  both  cafes,  fumifhes,  by  evaporation,  a 
reddifh  fait  in  rhomboidal  cryftals,  which  have  an 
acrid  tafle,  and  afford,  when  ftrongly  heated,  a fmali 
portion  of  oxygen  gaz  and  pure  fuiphuric  acid. 

§ DCLXXII.  The  nitric  acid  diffolves  manganefe, 
with  difengagement  of  nitrous  gaz.  But  the  oxide 
of  this  metal  is  diffolved  only  in  fuming  fpirit  of 
nitre.  In  both  cafes,  the  folution,  when  evaporated, 
fhootsinto  tabulated  cryflals,  which  deliquefce  in  the 
Ätmofphere,  and,  on  expofure  to  fire,  emit  oxygen 
gaz  and  nitric  acid. 

§ DCLXXIII.  The  muriatic  acid  diffolves  man- 
ganefe, as  well  as  its  oxide,  with  facility.  During  the 
iolution  of  the  latter,  oxygenated  muriatic  gaz  is  de- 
veloped, and  the  folution,  when  evaporated,  affords 
s.  faline  mafs,  which  fpeedily  deliquefees  in  the  at- 
wnojphcre. 

§ DCLXXIV.  If  the  oxide  of  manganefe  be 
treated  in  fire  with  fulphur,  a fmali  portion  of  ful- 
phureous  acid  is  produced,  and  a yellowifh  green 
fubftance,  which  is  fulphuret  of  manganefe,  re- 
mains. If  one  part  of  the  native  oxide  of  manga- 
nefe, and  three  parts  of  nitre,  be  melted  in  a crucible 
till  no  more  oxygen  gaz  is  difengaged,  we  obtain  a 
greenifh  friable  powder,  termed  Chamcelion  mineralis^ 


This  fubllance,  diflblved  in  common  water,  fdrm^ 
a green  folution,  which  foon  changes  to  a violet,  arid 
laftl)|[  to  a red  colour.  If  a fmall  f)ortion  of  acid 
be  previoufly  added  to  the  watet,  the  folution  be- 
comes red  immediately,  and,  if  the  pureft  diftilled 
water  be  employed,  it  will  continue  green  for  a long 
time. 

LXXXVI.  OF  ARSENIC. 

§ DCLXXV.  Arfenic  is  very  brittle  and  hard. 
Its  fpecific  gravity,  to  that  of  water,  is  5.7633-1.0000. 
It  lofes  it  metallic  fplendour  when  expofed  to  the 
atmofphere,  and  firft  becomes  yellow,  and  afterwards 
black.  It  undergoes  no  alteration  when  fublimed  in 
clofed  veffels,  but  Ihoots  into  triaedral,  columnar,  and 
pyramidal  cryftals.  Melted  in  open  veffels  it  in- 
flames, and  paffes  off  in  the  form  of  a white  oxide, 
diffufing,  at  the  fam©  time,  a peculiar  fmell  like 
onions.  This  oxide  adheres  to  the  cooler  bodies 
which  furround  it;  and,  according  as  it  is  more  of 
lefs  folid,  it  is  termed  white  arfenic,  or  glafs  of  ar* 
fenic. 

§ DCLXXVI.  The  oxide  of  arfenic  differs  from 
all  other  metallic  oxides  in  this,  that  it  is  foluble  in 
water,  poffeffes  an  acrid  tafte,  and  combines  with 
the  fixed  alkalis  in  the  moift  way,  forming  a brown 
infpiffated  mafs,  termed  hepar  of  arfenic.  It  alfo 
combines  with  thofe  alkalis  in  the  dry  way,  and 
produces  a white  and  very  fixed  fub fiance,  formerly 
called  fixed  arfenic. 

^ 2 
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^DCLXXVIL  The  fulphuric  acid  aös  upon  re- 
gulus  of  arfenic  only  when  concentrated  and  aided 
by  heat,  and  even  in  that  cafe  no  perfeQ:  folution  is 
formed,  as  the  metal  is  merely  oxided.  But  boiling 
muriatic  acid  diffolves  both  the  regulus  of  arfenic 
and  its  oxide,  and  we  obtain  a folution  which  is  de- 
compoundable by  fire  and  alkalis. 

§ DCLXXVIII.  If  twelve  parts  of  concentrated 
nitric  acid  be  gradually  affufed  upon  one  part  of 
white  arfenic,  in  a tubulated  retort,  a confiderable 
quantity  of  nitrous  gaz  is  difengaged,  and  a white  ^ 
fubflance  remains,  which  may  be  freed  from  the 
nitric  acid  ftill  adhering  by  heating  it  in  a crucible. 
On  this  occafion  the  nitric  acid  is,  by  degrees,  per- 
feflly  decompounded  by  the  arfenic,  becaufe  this 
latter  body  combines  with  the  greatefl  part  of  the  ox- 
ygen of  the  former,  and  thus  becomes  an  acid  itfelf, 
which  is  termed  arfenic  acid. 

^ DCLXXIX.  The  arfenic  acid  is  extremely 
fixed,  and  melts  per  fe  into  a tranfparent  glafs.  It 
is  perfcftly  foluble  in  twice  its  weight  of  water.  Sa- 
turated with  pot-afh,  it  forms  a neutral  fait,  which 
flioots  into  large  rhomboidal  cryftals,  not  deliquef- 
cent  in  the  air,  but  vitrifiable  in  fire.  Combined  with 
foda,  it  form’s  a fait  in  oftaedral  cryftals,  which 
efflorefee  in  the  atmofphere. 

§ DCLXXX.  Both  the  regulus  of  arfenic  and 
white  arfenic  may  be  readily  united  with  fulphur  by 
fufion.  This  fulphuret  of  arfenic  is  perfeSly  fub- 
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limed  in  clofe  vefTels,  and  becomes  either  yellow 
or  red,  according  to  the  proportion  of  its  conftituent 
parts.  The  former  is  termed  yellow  arfenic,  or  orpi- 
ment,  which  contains  about  ten  parts  of  arfenic,  and 
one  part  of  fulphur.  In  the  latter,  however,  which 
is  denominated  red  arfenic,  the  proportion  of  the 
fulphur  to  the  arfenic  is  equal  i : 4. 

§ DCLXXXL  Nitre  is  decompounded  by  white 
arfenic,  and,  if  this  mixture  be  diftilled  in  a retort, 
fuming  fpirit  of  nitre  is  obtained,  and  arfeniate  of  pot- 
alh  remains.  The  fame  happens  if  nitre  and  arfenic 
be  detonated  in  a red-hot  crucible. 

} DC L XXXII.  If  equal  parts  of  the  regulus  of 
arfenic  and  of  corrofive  fublimate  be  diftilled,  we 
acquire  an  infpilfated  liquor,  viz.  butter  of  arfenic. 
During  this  procefs,  the  fublimate  is  decompounded, 
the  oxygenated  muriatic  acid  combines  with  the  re- 
gulus of  arfenic,  and  forms  butter  of  arfenic,  and  the 
mercury  is  reduced.  White  arfenic  does  not  decom- 
pound the  fublimate,  but  is  fublimed  with  it,  without 
fuffering  any  change. 

§ DCLXXXIII.  Almoft  all  metals  combine  with 
arfenic,  and,  in  confequence,  become  brittle.  With 
copper,  it  forms  an  alloy,  of  the  colour  of  lilver, 
which  admits  of  a beautiful  polifti,  and  which  is 
called  by  the  French  argent  hache.  This  alloy  is 
commonly  prepared  by  melting  copper  with  fixed 
arfenic  and  powdered  carbon. 
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LXXXVII.  OF  TUNGSTEN. 


§ DCLXXXIV,  Mineralogifts  have  long  been 
acquainted  with  a mineral,  which,  on  account  of  its 
peculiar  gravity,  is  termed  tungften,  or  the  pon- 
derous flone.  Some  confidered  it  as  a mineral  of  iron, 
others  as  a mineral  of  tin,  but  experiments  proved  both 
thefe  opinions  to  be  unfounded.  Bergmann,  in  con- 
fequence  of  a very  accurate  invelligation,  proyed 
this  foflTil  to  be  a true  earthy  fait,  compofed  of  cal- 
careous earth  and  a peculiar  acid,  which  he  termed 
acid  of  tungflen. 

5 DCLXXXV.  A fhort  time  after,  another  doubf> 
ful  mineral,  named  wolfram,  being  examined  with 
equal  attention,  was  found  to  confift  of  the  famq 
acid,  befides  manganefe  and  iron.  Mr.  D’Elhuyar, 
at  length,  difcovered,  that  this  acid  could  be  reduced 
to  a true  regulus  of  metal,  and  that  it  was,  therefore, 
a metallic  aeid.  Since  that  time,  this  metal  has 
been  denominated  tungften,  and  its  acid  the  tungftic 
acid. 

§ DCL XXXVI.  According  to  Sheele’s  method, 
the  acid  is  extrafted  from  tungften  in  the  follow- 
ing manner ; one  part  of  pulverized  tungften  is  di- 
gefted  in  three  parts  of  diluted  nitric  acid,  by 
which  means  the  powder  becomes  yellow.  On  the 
addition  of  two  parts  of  pure  ammoniac,  the  acid 
being  effufed,  the  powder  becomes  white,  three  parts 
of  nitric  acid  are  then  added  anew,  and  the  yellow  co- 
lour is  again  removed  by  ammoniac.  This  procefs  is 
continued  till  the  tungfte2[i  i,s  diftblved,  for  which  pur- 
pofe  we  require  about  12  parts  of  nitric  acid,  and  eight 
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parts  of  ammoniac.  A very  fmall  portion  remains 
undiflblved,  which  appears  to  be  filiceons  earth. 
The  nitric  acid  folution  is  then  precipitated  by  pot- 
afhj  and  the  ammoniacal  folution  by  nitric  acid. 

{ DCLXXXVII.  Tungftenis  diffolvedin  the  nitric 
acid  which  combines  with  the  calcareous  earth,  and 
leaves  the  tungftic  acid  in  the  form  of  a yellow  powder, 
which,  having  a great  affinity  with  ammoniac,  forms 
a foluble  neutral  fait  with  it.  Hence  we  obtain  two 
liquid  folutions,  one  confifling  of  nitric  acid  and  cal- 
careous earth,  and  the  other  of  pure  ammoniac  and 
tungftic  acid.  The  calcareous  earth  of  the  former 
may  be  precipitated  by  pot-afh,  and  the  tungftic  acid 
of  the  latter  by  the  nitric  acid,  which  forms,  with  the 
ammoniac,  nitrate  of  ammoniac,  a fubftance  info- 
luble  in  the  tungftic  acid,  whence  it  is  precipitated. 
The  fmall  portion  of  filiceons  earth,  generally  con- 
tained in  the  ponderous  ftone,  remains  after  the  firft; 
operation,  and,  fhould  it  be  mixed  with  any  par- 
ticles of  iron,  they  may  be  precipitated  by  pruffiate 
of  pot-afh, 

{ DCLXXXVIII.  To  feparate  the  tungftic  acid 
from  Wolfram,  melt  one  part  of  pulverized  Wolfram 
with  three  parts  of  dry  foda;  diflblve  this  melted 
tnafs  in  water;  filtrate  the  folution,  and  precipitate  it 
by  nitric  acid : thus  you  obtain  a white  powder,  which 
is  the  tungftic  acid.  On  this  occafion,  the  iron, 
combined  with  the  tungftic  acid,  is  precipitated  by 
the  foda,  and  left  on  filtration,  and  the  tungftic  acid 
is  difengaged  front  the  tungftate  of  foda  by  the  nitric 
acid. 
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§ DCLXXXIX.  If  the  tungftic  acid,  obtained 
by  either  of  the  procefles  we  have 'mentioned,  be 
expofed  to  the  aftion  of  a blow-pipe,  it  becomes 
firft  yellow,  then  brown,  and  laftly  black,  and  is 
neither  melted  nor  volatilized.  It  requires  twenty 
parts  of  boiling  water  for  folution,  which  tinges  the 
fyrup  of  violets  red,  and  has  an  acrid  metallic  tafte. 
With  the  nitric  and  muriatic  acids  it  becomes  in- 
ftantly  yellow,  and,  heated  with  fulphuric  acid,  blue. 

^ DCXC.  With  pot-afh,  foda,  and  ammoniac,  it 
forms  true  neutral  falts,  which  fhoot  into  fmall  acicular 
cryftals,  and  are  even  more  foluble  in  water  than  the 
tungftic  acid  itfelf.  With  lime-water  it  generates 
artificial  tungften,  which,  as  well  as  native  tungften, 
is  perfe6lly  infoluble  in  water. 

5 DCXCI.  If  the  tungftic  acid  be  mixed  with 
powdered  carbon,  and  expofed,  in  a crucible,  to  an 
intenfe  heat,  we  obtain  metallic  tungften,  in  fmali 
globules,  the  fpecific  gravity  of  which  is  1 7.600- 1 .000. 
It  is  extremely  difficult  of  fufton,  but  it  is  eafily 
reduced  to  a yellow  powder.  The  three  mineral 
acids  have  no  effe6l  upon  it. 

LXXXVIII.  OF  MOLYBDENA. 

^ DCXCII.  Molybdena  is  a peculiar  mineral  which 
mineralogifts  have  long  confounded  with  plumbago ; 
but  Sheele  demonftrated  that  thofe  two  bodies  are 
very  different  from  each  other  in  their  chemickl 
properties,  and  that  native  molybdena  contains  a true 
metallic  acid,  which  Hielm  and  Pelletier  afterwards 
reduced  to  a true  metal. 
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{ DCXCIII.  To  feparate  the  oxide  of  molyb- 
dena,  or  the  molybdic  acid.  From  molybdena,  ope 
part  of  molybdena  is  gradually  digelted  in  a retort, 
with  30  parts  of  nitric  acid,  fix  parts  of  the  acid 
being  affufed  at  a time ) thus  a confiderable  quan- 
tity of  nitrous  gaz  is  produced,  and  there  remains, 
at  laft,  a white  powder,  which,  when  repeatedly 
wafhed  in  cold  water,  is  the  pure  molybdic  acid* 
During  this  operation  the  nitric  acid  is  decom- 
pounded, for  its  oxygen  combines  with  the  metal, 
which,  in  confequence,  becomes  an  oxide,  whiift 
the  nitrous  gaz  is  carried  off.  Should  the  native 
molybdena  contain  fulphur,  it  would,  during  this 
procefs,  be  alfo  changed  into  fulphuric  acid,  but 
would,  at  the  fame  time,  be  feparated  from  the  molyb- 
dic acid  by  the  water.  A difengagement  of  the  molyb- 
dic acid  from  native  molybdena  is  effe8:ed,  likewife, 
by  caufing  the  latter  to  be  gradually  roafted  under  a 
muffle,  when  the  acid  remains  in  a cryftallized  form. 

5 DCXCIV.  The  molybdic  acid  is  foluble  in 
boiling  water,  to  which  it  communicates  a peculiar 
acidulous  metallic  tafte,  and  the  property  of  changing 
the  tinffure  of  turnfole  red.  By  heat  it  combines 
with  the  fulphuric  acid,  and  becomes  blue  and  thick 
when  cooled.  But  each  of  thefe  phenomena  difap- 
pears  on  expofure  to  heat.  It  produces  nearly  the 
fame  efFe6l  with  the  muriatic  acid,  the  folution  of 
which,  when  evaporated  to  drynefs,  affords  a blue 
powder. 

§ DCXCV.  The  molybdic  acid,  when  heated  in 
contaft  with  atngofpheric  air,  is  entirely  volatilized;  and 


fublimes  in  the  form  of  fmall  acicular  cryftals.  With 
pot-afh  it  produces  a neutral  fait  which  is  very* 
foluble  in  water,  and  (boots,  on  cooling,  into  fraali 
needles,  which  are  not  volatilized  when  expofed  to 
the  aBion  of  fire.  It  combines  with  various  metals,* 
with  which  it  forms  blue  folutions. 

LXXXIX.  OF  URANITE. 

§ DCXCVI.  Pech-blende,  a body  of  which 
mineralogifis  have  entertained  different  opinions, 
appears,  from  the  experiments  of  the  celebrated 
Klaproth,  to  be  the  ore  of  a femimetal,  which  differs 
in  its  properties  from  all  thofe  hitherto  known,  and 
to  which  he  gave  the  name  of  uranite.  To  extraB 
it  from  pech-blende,  which  is  a compound  of  ura- 
nite, fulphur,  and  iron,  you  digefi  it  for  fome 
lime  in  concentrated  nitric  acid,  and  precipitate  the 
filtrated  folution  by  pot-afli,  when  a yellow  powder, 
viz.  oxide  of  uranite  is  obtained.  During  this  pro- 
cefs  the  oxide  of  uranite  is  diffolved  in  the  nitric 
acid,  and  the  fulphur  and  iron  remain. 

§ DCXCVII.  By  treating  the  oxide  of  uranite 
with  combuftible  bodies,  Mr.  Klaproth  obtained 
feveral  coherent  particles  of  metal,  which  proved 
to  be  the  metal  uranite.  There  is  no  metal 
which  fufes  with  fuch  extreme  difficulty  as  this. 
Its  fpecific  gravity  is  6.440-1.000.  It  is  foluble 
in  the  three  mineral  acids,  v/ith  which  it  forms 
earthy  faks,  decompoundable  by  alkalis,  which,  if 
mild,  and  affufed  to  excefs,  again  diffolvc  the  preci- 
pitate. 
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THE  VEGETABLE  KINGDOM, 


XC.  EXAMINATION  OF  VEGETABLE  BO. 
DIES  IN  A DEGREE  OF  HEAT  EQUAL 
TO  THAT  OF  BOILING  WATER. 

5 DCXCVIIL  A living  and  growing  plant  draws 
its  nutriment  partly  from  the  earth,  to  which  it  is  at- 
tached by  means  of  its  roots,  and  partly  from  the 
atmofphere,  by  means  of  its  extenfive  furface,  co- 
vered with  abforbent  velfels.  As  an  organized  body, 
it  does  not  Hand  in  need  of  the  whole  of  the  aliments 
with  which  it  is  furnifhed  in  each  of  thcfe  ways,  nor 
in  an  unchanged  flate;  but  after  a continued  circu. 
lation,  and  after  they  have  been  varioufly  refolved, 
the  plant  again  throws  off  the  fuperfluous  part, 

^ DCXCIX.  The  chief  nutriment  of  a plant  is 
water,  and  fuch  aeriform  bodies  as  it  may  imbibe 
from  the  atmofphere.  Hence,  its  excrements  are 
gazeous  fubftances,  water,  and  odoriferous  particles. 
The  former  are  not  always  the  fame,  but  differ  ac- 
cqrding  to  circumftances  and  the  nature  of  the  plant. 
Flowers,  moft  fruits,  roots,  and  all  except  the  green 
parts  pf  vegetables,  under  whatever  circumftance, 
give  out  azotic  and  carbonic  acid  gaz ; but  the 
leaves,  and  all  the  green  parts  of  vegetables,  expire 
oxygen  gaz  nearly  pure,  when  expofed  to  the  folar 
light;  in  the  fhade,  and  by  night,  however,  like 
ilowersj  they  yield  azotic  and  carbonic  acid  gaz  only. 
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§ DCC.  The  water,  which  living  plants  exhale, 
under  the  common  temperature  of  the  atmofphere,  is 
fometimes  very  pure,  but  moftly  impregnated  with 
odoriferous  particles,  if  the  plant  pofTefs  any  fuch. — 
To  obtain  this  water,  a frefh  plant  is  expofed  in 
a clofe  veffel,  to  a temperature  fcarcely  exceeding 
that  of  folar  heat;  that  is,  it  is  diftilled  in  a heat  of 
about  30°,  when  pellucid  and  limpid  water,  con- 
taining all  the  parts  of  the  plant  volatile  at  this  tem- 
perature, will  flow  into  the  receiver.  What  remains 
of  the  plant,  fuppofing  the  operation  to  have  been 
continued  for  a fufficient  length  of  time,  is  dry, 
friable,  deftitute  of  all  odour  and  humidity. 

§ DCCI.  This  water  is  therefore  precifely  the  fame 
as  that  which  the  plant  emits  in  the  heat  of  the  fun ; 
nor  does  it  carry  any  thing  elfe  along  with  it,  except 
fometimes  a fmall  proportion  of  aetherial  oil,  than  that 
principle  of  plants  which  produces  odour. — This  prin- 
ciple cannot  be  perceived  either  by  the  eye  or  tafte, 
but  by  the  fmell  alone.  Hitherto  Chemifts  have  not 
been  able  either  to  exhibit  it  fingly,  or  to  refolve 
it  into  its  component  parts ; wherefore  they  confider 
it  as  a fimple  fubftance,  and  term  it  aroma,  or,  ac- 
cording to  Boerhaave,  fpiritus  re6lor. 

^ DCCIL  It  is  very  evident,  that  all  plants, 
which  affe6i  the  fenfe  of  fmell,  contain  aroma,  or 
fpiritus  re8or ; but  whether  ail  thofe  plants  which 
do  not  fo  affeci  us  are  entirely  deflitute  of  aroma 
is  a queflion  hitherto  undecided.  We  frequently 
obferve  animals  diftinguifh  plants  by  their  fenfe  of 
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fmelling,  in  which  man  cannot  perceive  the  leaft 
odour ; which  feems,  therefore,  to  be  rather  attribu- 
table to  a lefs  acutenefs  in  the  organ  of  fmell  in 
man  than  to  a total  defebl  of  aroma  in  fuch  plants. 

5 DCCIIL  The  aroma  in  fome  plants  fmells  de- 
licioufly,  in  others  it  is  altogether  ungrateful,  in 
others  it  limply  ftimulates;  but  thefe  properties 
are  alfo  relative  with  refpe£l  to  different  men. 
Not  every  part  of  the  fame  plant  poffeffes  the  fame 
fpecies  of  aroma,  for  the  flowers  frequently  give 
out  a very  different  odour  from  the  leaves,  See. 
nor  do  all  the  parts  of  the  fame  plant  poffefs 
the  fame  ftrength  of  aroma,  although  they  poffefs 
aroma  of  the  fame  kind ; thus  the  leaves  are  often 
more  fragrant  than  the  ffem  or  flowers,  and  fo  on. 
Finally,  plants  do  not  at  all  times  contain  the  fame 
quantity  ; in  general  they  poffefs  moft  of  it  when  ar- 
rived at  maturity. 

§ DCCIV,  Though  all  aroma  be  volatile,  yet  its 
degree  of  volatility  is  oftentimes  very  different.  In 
mod  plants  it  cannot  bear  the  heat  of  boiling  water, 
and  in  fome,  the  jeffamin  for  example,  it  flies  off 
on  the  flighted  addition  of  heat.  There  are  plants, 
however,  fuch  as  faffron,  valerian,  See,  which  are 
dill  odoriferous  after  the  evaporation  of  all  their 
water.  Aroma,  held  in  fufpenfion  by  water  alone, 
is  gradually  diflipated  or  dedroyed,  and  that  even 
in  the  clofed  vedels. 

§ DCCV,  From  the  preceding  obfervations  wc 
know; 


1.  Of  what  principles  the  effluvia  of  plants,  vege- 
tating in  the  heat  of  the  fun,  confiff,  viz.  of  oxygen 
gaz,  water,  aroma,  and  frequently ' of  a volatile 
oiK 

2.  How  we  may  account  for  the  effeBs  which 
have  been  frequently  produced  by  the  effluvia  of 
plants  growing  in  great  numbers  near  each  other. 

3.  That  nothing  can  be  expeBed  from  dried  plants, 
whofe  medicinal  virtues  depend  on  aroma  alone. 

4.  That  thofe  plants,  which  when  dried,  ftill  retain 
a confiderable  portion  of  aroma,  ought  to  be  dried 
for  medical  purpofes  with  caution,  and  always  in  the 
fliade ; nor  ffiould  they  be  kept  in  a warm  place. 

XCL  OF  INFUSION. 

5 DCCVL  If  hot  water  be  affufed  upon  a recent 
or  dried  plant,  and  thus  fuffered  to  remain,  for  a 
fhort  time,  in  a clofe  veffcl,  the  water,  afterwards 
decanted  from  the  plant,  is  termed  an  infufion.  Du- 
ring this  operation,  not  only  ^11  the  aroma  and  fome 
etherial  oil  are  taken  up  by  the  infufion,  but  alfo 
many  other  parts  foluble  in  water,  fuch  as  gum, 
mucilage,  the  colouring  matter,  falts.  See.  fo  that 
the  plant  remains  deprived  of  its  aroma,  and,  in  a 
great  meafure,  of  its  fapidity. 

f DCCVII.  The  quantity  of  the  parts  diflblved  in 
the  water,  independent  of  aroma,  differs  according 
to  the  quantity  and  temperature  of  the  water  em- 
ployed; and  alfo  on  account  of  the  greater  or  lefs 
protraBion  of  the  folution.  The  particles  which  are 
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diflblved  at  the  beginning  of  the  infufion  frequently 
differ  very  effentially  from  thofe  which  are  diflblved 
towards  the  end.  The  water  is,  in  the  firft  inftance, 
impregnated  with  the  aroma  and  volatile  oil;  and 
laftly,  with  the  colouring,  aftringent,  and  gummy  par- 
oles ; whence  a flight  infufion  is  oftentimes  grateful 
to  the  palate,  whilfl:  a protraSed  one,  of  the  fame 
plant,  is  bitter  and  acerb. 

DCCVIIL  If,  therefore,  an  infufion  be  made  for 
medical  purpofes,  the  phyfician  ought  to  ftate  the 
quantity  and  temperature  of  the  water  to  be  em- 
ployed, as  well  as  the  time  of  infufion,  according 
as  he  wifhes  it  to  be  impregnated  more  or  lefs  copi- 
oufly  Y^ith  particles  of  this  or  that  defcription.  For 
this  reafon  infufions  are  alfo  frequently  made  of  ve- 
getables deftitute  of  all  aroma ; for  example,  tender 
parts  of  plants,  fuch  as  flowers,  which  decoction 
would  entirely  dellroy,  or  vegetables  of  that  kind 
which  during  decoflion  would  depofite  refinous  parts, 
that  might  be  produdive  of  injury,  when  ufed  in- 
ternally, See, 

§ DCCIX.  Sometimes  Phyficians  alfo  dire6l  plants 
to  be  merely  macerated  in  water,  or  digefted. 

XCII.  OF  DECOCTION. 

§ DCCX.  If  the  whole  or  any  part  of  a plant  be 
expofed  for  fome  time  to  water  of  fuch  temperature 
that  it  boils,  the  operation,  as  well  as  the  water  af- 
terwards poured  ofFj  is  termed  decoSion. 
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§ DCCXL  Since,  during  this  procefs,  the  water 
may  a6t  upon  the  plant,  both  for  a longer  time,  and 
at  a higher  temperature,  a much  greater  quantity  of 
fuch  parts,  as  are  capable  of  folution  in  water,  are 
obtained  in  decoflion,  which  for  the  fame  reafon  is 
much  darker  and  more  fapid  than  an  infufion.  But 
the  aroma,  which  is  for  the  moll  part  volatile  at  the 
temperature  of  boiling  water,  is  almoft  always  diffi* 
pated,  fo  that  little  of  it  remains  in  the  decoQion. 

§ DCCXII.  Plants,  whofe  virtues  confilt  in  the 
volatile  parts,  ought  not,  therefore,  for  medical  pur- 
pofes,  to  be  fubmitted  to  decoblion.  On  the  other 
band,  thofe  whofe  efiicacy  depends  upon  their  fixed 
principles,  ought  to  be  decofled  rather  than  infufed; 
neverthelefs,  there  are  in  this  cafe  exceptions. 

1.  Tender  flowers  are  better  infufed  than  decoded, 
as  the  water  is  sufficiently  powerful  to  extrad  their 
virtues;  and  as  boiling  water  would  entirely  deftroy 
them,  and  render  the  dccodion  unneccffarily  turbid. 

2.  Plants,  defiitute  of  aroma,  are  frequently  in- 
fufed, left  a higher  temperature  and  protraded  decoc- 
tion fhould  caufe  too  great  a quantity  of  refinous 
particles  to  be  diftblvcd  in  the  water,  which  might 
produce  gripings  in  the  bowels.  See.  when  internally 
ufed. 

§ DCCXII J.  By  repeated  decodion  in  water, 
every  time  frefti,  all  the  foluhle  parts  of  a plant  may 
be  at  length  extrahled  ; but  this  procefs  is  extremely 
tedious.  For  medicinal  purpofes,  the  time  of  decoc- 
tion, as  well  as  the  quantity  of  water  made  ufe  of, 
ought  to  be  determined  according  to  circumftances. 
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5 DCCXIV.  The  time  neceffary  for  decoöion  i$ 
determined ; 

1.  From  the  texture  of  the  plant  to  be  decoded, 
which  frequently,  on  this  account,  require^  a meqha- 
nical  preparation,  as  cutting,  bruifing,  See, 

2.  From  the  degree  of  faturation  which  a Phyfi- 
cian  wifhes  his  decodion  to  poffefs. 

3.  From  what  we  know  by  experience  of  fome 
plants ; as  for  example,  that  the  purgative  virtues  of 
rhubarb  are  gradually  diminilhed  by  decodion, 
wbilft,  on  the  other  hand,  its  aftringent  virtues  in- 
creafe;  that  myrobalan,  decoded  for  a fhort  time 
only,  is  cathartic,  but  that  it  becomes  an  aftringent 
when  boiled  longer ; that  licorice,  by  continued  de- 
codion,  lofes  its  agreeable  fweetnefs;  and  that  opium, 
in  like  manner,  is  deprived  of  its  narcotic  quali- 
ties,, and  fo  on. 

§ DCCXV.  The  quantity  of  water  is  to  be  deter- 
mined by 

1.  The  time  of  the  decodion. 

2.  The  bulk  of  the  plant! 

3.  Its  texture.  And 

4.  The  delign  of  the  phyfician. 

But  as  the  three  former  points  are  better  known  to 
the  pharmaceutical  Chemift  than  to  the  Phyfician, 
from  his  daily  pradice,  the  quantity  of  water  to  be 
employed  is  left  to  his  judgment;  and  the  phyfician 
merely  ftates  the  quantity  of  decodion  be  wifties  to 
obtain. 
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§ DCCXVL  Sometimes  in  compound  deco£lions 
not  all  the  parts  fliould  be  put  into  water  at  the  fame 
time,  but  fucceffively,  according  to  the  individual  pro- 
perties of  each. 

5 DCCXVII.  The  force  of  ebullition  always  de- 
ftroys,  in  a certain  degree,  the  texture  of  plants,  and 
caufes  fome  of  its  folid  parts  to  be  torn  off;  whence 
the  decoBion  becomes  turbid.  This  is  clarified  or 
rendered  pure,  frit,  by  filtration ; fecondly,  by  decan- 
ting the  refrigerated  decoBion  from  the  depofited 
fcdiment;  and  thirdly,  by  repeated  decoBion  with  the 
white  of  egg,  beat  into  foam,  and  fubfequent  filtra- 
tion, 

§ DCCXVII  I.  The  refinous  parts  of  plants,  which 
are  frequently  diffolved  by  the  heat  and  the  other 
components,  fubfide  for  the  mofl  part  on  cooling, 
and  form  a fediment,  or  are  feparated  by  the  clari- 
fication with  white  of  egg.  DecoBions,  for  this 
reafon,  frequently  lofe  much  of  their  effeB;  the 
filtration  of  a decoBion  while  hot  would  be  therefore 
the  moft  proper  kind  of  clarification. 

XCIII.  OF  EXTRACTS. 

§ DCCXfX.  If  the  decoBion  of  a plant  be  again 
exppfed  to  heat,  its  water  will  be  gradually  fepa- 
rated in  the  Itate  of  vapours ; the  fixed  particles  ex- 
traBed  from  the  plant  will  remain ; and,  at  length,  a 
mafs,  more  or  lefs  black,  confiftent,  and  nearly  dry, 
termed  an  aqueous  or  gummy  extraB  is  obtained. 
Ill  this,  all  the  parts  of  the  plant  diffolved  in 
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tlie  water  are  thus  obtained  pure  and  free  from 
water. 

§ DCCXX.  ExtraQs  may  be  prepared  in  the 
fame  manner  from  frelh  exprelfed  juices  of  plants, 
the  juices  of  fruits,  and  from  liquids  obtained 
by  the  incifion  of  vegetables.  Thefe  extra0.s  differ 
from  the  former,  fince  they  not  only  contain  thofe 
principles  of  the  plant  which  are  foluble  in  water,  but 
alfo  fuch  folid  parts  as  are  feparated  by  preffure. 

§ DCCXXI.  The  end  wh?ch  we  propofe  ourfelves 
in  the  preparation  of  extrafts  for  medical  purpofes  is, 
I,  that  we  may  have  in  a fmall  compafs  a confidera- 
ble  portion  of  the  aBive  fixed  principles  of  vegeta- 
bles; 2,  that  we  may  poffefs  them  in  a form  under 
which  they  may  be  preferved  for  a long  time  with- 
out undergoing  any  alteration,  and  be  alfo  commo- 
dioufly  fent  from  place  to  place ; and  under  which, 
3,  they  may  be  exhibited  to  the  patient,  both  in  a dry 
ftate  and  in  a ftate  of  mixture  with  liquid  bodies.  It 
is  obvious  that  fuch  plants  alone  afford  good  extraBs, 
of  which  the  virtues  are  owing  to  the  fixed  parts. 

5 DCCXX  1 1.  That  extrafts  may  be  properly  pre- 
pared for  medical  purpofes,  it  is  requifite  therefore : 

1.  That  ambuffion  be  prevented  as  much  as 
poffible  ; for,  if  the  virtue  of  the  extra6l  be  not  thus 
deftroyed  or  diminifhed,  it  at  leafl  acquires  an  urn- 
grateful  tafle  and  fmell.  This  is  effeBed  by  its 
being  continually  flirred,  and  by  caufing  the  final 
evaporation  of  the  decoBion  to  take  place  on  a water- 
bath. 
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2.  The  evaporation  ought  to  be  efFefted  by  a mo- 
derate heat,  that  too  rapid  ebullition  may  be  thus 
avoided;  for  we  ought  to  confider  that  the  mafs 
towards  the  end  of  the  operation  requires  a much 
higher  temperature  to  boil  than  the  pure  water ; and 
that,  on  account  of  this  extraordinary  heat,  not  only 
many  fixed  parts  may  be  carried  away  by  the  vapours 
of  the  water,  but  that  the  extra6l  itfelf  may  undergo 
an  effential  change. 

3.  Since  extracts  contain  alfo  the  faline  parts  of 
plants,  they  are  by  no  means  to  be  kept  in  metallic 
veffels,  efpecially  thofe  of  copper,  bral's,  or  lead.— 
Common  extracts  may  be,  indeed,  made  in  brafs  vef- 
fels, but  fiiould  not  be  fuffered  to  cool  in  them. — 
Neither  fhould  the  juices  of  pears  or  other  fruits  be 
condenfed  in  veffels  of  this  kind. 

4.  The  decoä;iüns,  of  which  extrafls  are  to  be 
made,  require  no  other  purification  than  filtration 
while  hot. 

§DCCX  XIII.  Extracts,  according  to  their  degree 
of  confiflence,  are  divided  into  dry  and  foft;  and,  with 
regard  to  the  materials  employed,  into  fimple  and 
compound.  Soft  extracts  have  the  confiftence  of 
honey,  and  are  to  be  preferred  to  dry  ones,  on  ac- 
count of  their  virtue  and  folubility.  But  the  latter, 
which  do  not  adhere  to  the  fingers  when  handled,  may 
be  preferved  for  a longer  time. 

XCIV.  OF  FECULA. 

§DCCXXIV.  ifthe  parts  of  afrefh  plant  be  bruifed, 
or  pounded,  and  then  preffed,  they  afford  a juice 


245 


which  fucceflively  depofits  more  or  lefs  of  a powder, 
infoluble  in  water,  termed  fecula.  This  fubftance  is 
obtained  ftill  better,  and  more  eafily,  if  cold  water  be 
poured  upon  the  bruifed  plant,  and  this  exprelfed  in- 
fufiion  fuffered  to  remain  at  reft. 

5 DCCXXV.  Plants  in  general  yield  but  a fmall 
quantity  of  fecula;  but  farinaceous  roots  and  feeds 
contain  it  in  abundance.  It  is  chiefly  prepared  from 
the  potatoe,  bryony,  piony,  and  others.  The  moft 
common  of  ail  is  the  ftarch  and  hair-powder  obtained 
from  wheat. 

{ DCCXXVI.  As  the  folid  parts  of  vegetables 
differ  in  their  properties  from  the  fluid,  fo  fecula  dif- 
fers, in  its  medicinal  virtues,  from  thofe  of  the  parts  of  ' 
the  plant  from  which  it  is  prepared.  Thus,  from  the 
penetrating  herb  wake-robin,  an  infipid  fecula  is  ob- 
tained; and  from  the  baneful  bryony,  a harmlefs  fe- 
cula. All  thefe  fecula  agree,  in  general,  in  their 
common  properties;  but,  fince  none  has  been  fo  at- 
tentively examined  as  ftarch,  and  that  part  of  the  plant 
from  which  it  is  obtained,  the  cpnlideration  of  thefe 
may  be  fufficient  from  the  prefent. 

§ DCCXXVII.  Farina,  or  flour,  as  it  is  com- 
monly termed,  is  a dry,  friable,  infipid  fubftance,  ob- 
tained by  grinding  wheat,  barley,  oats,  rice,  See.  The 
farina  obtained  from  each  of  thefe  grains  may  be 
readily  feparated  into  three  conftituent  parts,  which 
wheat  contains  in  the  moft  equal  proportion.  For 
this  purpofe,  flour  of  wheat  is  kneaded  into  a paftej  or 
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dough,  with  water,  which,  being  enclofed  in  a linen 
cloth,  and  compreffed  in  cold  water  by  the  hand  till 
the  water  is  no  longer  tinged,  there  remains  a greyiOi 
vifcid  mafs,  called  the  gluten  of  farina,  or  vegeto-ani- 
mal  matter.  The  water  employed  depofits  a fedi- 
ment,  which  is  the  ftarch;  and  the  evaporation  of  the 
water,  after  this  depofition,  affords  a brownifli  liquid, 
like  fyrup,  viz.  the  faccharine  matter  of  flour. 

§ DCCXXVIII.  The  glutinous  part  of  flour  is  a 
white,  greyifh,  tenacious  matter,  which  dries  in  the  air 
into  a horny  mafs.  It  is  infoluble  both  in  water  and- 
fpirit  of  wine;  and,  if  boiled  with  the  former,  it  coa- 
gulates like  the  white  of  egg.  It  burns  like  horn, 
and  affords  the  fame  produ8;s  by  diftillation  in  the  dry 
way.  It  readily  putrefies,  when  kept  in  a cold  and 
moifi  place.  It  is  foluble,  when  frefh,  in  the  acetic 
acid. 

§ DCCXXIX.  Starch  is  not  foluble  in  cold 
water:  with  hot  water  it  forms  a femi-tranfparent 
gelatinous  mafs,  commonly  termed  gluten.  This 
fiibfiance,  when  dried  in  the  open  air,  or  by  the  fire, 
becomes  a liorny  mafs,  which  is  again  diffolved  in 
hot  water.  If  kept  in  damp  places,  it  undergoes  in  a 
fiiort  time  the  acid  fermentation.  In  general,  ftarch 
agrees  in  its  chemical  properties  with  the  gummy  and 
mucilaginous  parts  of  vegetables,  with  which  it  alfo 
yields  the  fame  produdbs  by  diftillation  in  the  dry 
way. 

j DCCXXX.  That  fmall  quantity  of  brownifli 
matter,  v/hich  is  obtained  from  the  evaporated  water 
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of  the  ablution,  after  the  reparation  of  the  ftarcb,  pöf. 
feffes  all  the  chemical  properties  of  fugar,  and,  like 
this,  firft  undergoes  the  vinous,  and  afterwards  the 
acid  fermentation, 

§ DCCXXXI.  It  is  thefe  three  conftituents  of  fa- 
rina  which,  from  their  tendency  to  the  three  known 
fermentations,  feem  to  produce  in  flour,  when  knead- 
ed, that  peculiar  ferment  which  is  altogether  fo  necef- 
fary  to  the  making  of  bread;  and  that  particular  pro- 
portion of  thefe  conflituents  in  the  flour  of  wheat 
renders  it  the  moft  proper  for  the  making  of  good 
bread. 

XCV.  OF  DISTILLED  WATERS. 

§ DCCXXXIL  Since  the  volatile  parts  of  a plant 
are  not  fufficiently  arrefted  by  the  water  which  it  affords 
by  fpontaneous  diftillation,  DCC.)  fo,  as  to  bepre- 
ferved  in  that  ftate,  we,  therefore,  to  accomplifh  this 
end,  have  recourfe  to  the  following  method,  by  which 
we  obtain  what  is  termed  medicinal  diftilled  waters. 
A copper  veflel,  well  tinned,  is  half  filled  with  the 
frefh  plant,  and  to  two-thirds  with  common  water. 
Having  applied  an  alembic,  and  a refrigeratory  tub, 
with  a worm,  the  diftillation  is  commenced,  and  con- 
tinued by  a moderate  heat,  as  long  as  the  water, 
which  comes  over,  exhibits  the  flighteft  fmelL  If 
the  quantity  of  the  plant  be  but  fmall,  the  operation 
may  be  performed  in  a cucurbit  with  an  alembic 
of  glafs. 
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$ DCCXXXIII.  This  operation  is  ftridly  a de- 
coction in  clofed  veffels.  The  aroma  and  theetherial 
oil,  diflblved  in  the  water  by  means  of  the  former,  to- 
gether with  a part  of  the  additional  water  in  the  ftate 
of  vapour,  pafs  into  the  receiver,  and  form  the  medi- 
cinal diftilled  water,  which  is  named  ‘ according 
to  the  plant  made  ufe  of;  as  aqua  minthae,  aqua 
falviae,  cSrc. 

5 DCCXXXIV.  Hence  it  is  obvious,  that  good 
diftilled  waters  can  be  prepared  of  fuch  plants  alone 
which  evidently  contain  aroma  and  etherial  oil;  and 
that  thofe,  whofe  medicinal  virtues  are  inherent  in 
the  fixed  parts,  for  inftance,  plants  which  are  fimply 
fweet,  bitter,  acerb,  nutritive,  emollient,  &c.  afford 
inefficacious  and  inodorous  diftilled  waters.  There 
are  fome  plants  whofe  narcotic  or  cathartic  quali- 
ties pafs  into  the  diftilled  waters;  but  in  fo  fmall  a 
proportion  as  not  to  be  worth  the  trouble. 

§ DCCXXXV.  The  aroma  in  thefe  diftilled  wa- 
ters is  arrefted  by  the  etherial  oil ; whence  it  is  not  I’o 
cafily  diffipated.  It  is  for  this  reafon,  likewife,  that  the 
diftilled  waters,  afforded  by  plants  which  do  not  poflefs 
any  etherial  oil,  are  fpeedily  deprived  of  all  their 
odour,  nay,  are  frequently  entirely  deftitute  of  it. 

^ DCCXXXVI.  The  quantity  of  etherial  oil  is  fo 
great  in  many  diftilled  waters  as  not  to  be  maintained 
in  folution;  confequently,  by  its  mechanical  diffu- 
fion  it  renders  the  water  turbid,  till  it  colleCts  at  the 
furface  or  bottom,  when  the  water  becomes  again 
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clear.  Some  diftilled  waters  may  be  alfo,  when  frefh, 
quite  limpid,  yet  become  turbid  from  age,  in  confe- 
quence  of  the  efcape  of  that  aroma  which  was  re- 
quired for  the  union  of  the  oil  and  water.  Laftly, 
recent  diftilled  waters  may  be  turbid,  and  remain  fo 
for  years;  but  this  ieems  to  depend  upon  other  caufes 
than  the  oil. 

§ DCCXXXVII.  Every  diftilled  water  has  its 
proper  point  of  faturation,  which  experience  and  a 
knowledge  of  the  plants  will  determine.  They  may 
be  either  too  weak  or  too  ftrong.  The  former  fault  is 
reftified  by  cohobation,  when  the  water  is  re-diftilled 
upon  a frefh  quantity  of  the  fame  plant.  Dilution 
with  pure  diftilled  water  correfts  the  latter. 

§ DCCXXXVIII.  To  prepare  diftilled  waters 
properly,  the  following  cautions  muft  be  ufed: 

1.  Thevclfel  is  not  to  be  too  much  ftlled  with  herbs; 
for  in  fuch  cafe,  they  might  be  carried  by  the  force  of 
ebullition  into  the  alembic,  and  thus  difturb  the  ope- 
ration. 

2.  All  the  joinings  of  the  apparatus  fhould  be  care- 
fully clofed  with  pafte  and  paper,  to  prevent  a lofs  of 
vapours. 

3.  But  the  joining  between  the  beak  of  the  worm  and 
the  receiver  is  not  to  be  clofed  till  the  water  becomes 
hot,  in  order  that  the  air,  difengaged  from  the  plants, 
*may  find  vent. 

4.  The  water  in  the  refrigeratory-tub  fliould  be  al- 
ways cool,  fo  that  the  diftilled  water  may  be  fufficiently 
cool  when  it  paffes  into  the  receiver ; for  otherwife 
the  aroma  will  in  a great  meafure  efcape. 


5.  The  operation  ought  to  be  difcontinued  as  foon 
as  the  water  ceafes  to  pofTefs  the  odour  of  the  plant; 
for  the  water,  being  now  entirely  deftitute  of  virtue, 
-would  only  too  much  dilute  and  weaken  the  effiacious 
water  obtained  firft.  In  turbid  water,  the  end  of  the 
operation  is  indicated  by  its  limpidity.  But  flcilful 
operators  determine  this  period  from  the  quantity  of 
the  herbs  made  ufe  of,  and  from  the  quantity  of  water 
obtained. 

6.  At  the  commencement  of  the  diftillation,  a fuf- 
ficient quantity  ofw^ateris  tobe  affufed,  left  the  plants 
dry  and  burn,  whereby  an  ungrateful  odour  might  be 
communicated  to  the  diftilled  water,  along  with  a fmall 
portion  of  empyreum.atic  acid. 

7.  The  veftel,  and  efpecially  the  alembic,  fliould  be 
well  tinned,  to  prevent  the  formation  of  verdigris. 

5 DCCXXXIX.  Diftilled  waters  are  to  be  kept 
in  cool  and  dry  cellars,  in  glafs  or  earthen  veffels, 
kept  moderately  clofe,  by  corks  and  paper.  But 
thofe  for  daily  ufe  in  the  laboratory  fliould  be  con- 
tained in  glafs  bottles  well  corked;  and  here  we 
ought  to  be  careful  not  to  let  the  etherial  oil  fwim 
upon  the  furface,  kit  it  enter  the  mixtures. 

5 DCCXL.  The  parts  of  vegetables  of  a harder 
texture,  or  which  greatly  abound  in  etherial  oil,  are 
previous  to  diftillation  tobe  macerated, for fome hours, 
in  the  veftel,  that  the  water  may  take  up  a greater 
quantity  of  the  volatile  parts.  In  this  maceration 
Ibme  recommend  an  addition  of  falts,  which,  though 
they  produce  no  harm,  cannot  do  much  good. 
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XCVl-  OF  ETHERIAL  OR  VOLATILE 

OILS. 

§ DCCXLI.  If  diftilled  water  contain  more  ethe- 
rial  oil  than  it  can  hold  in  folution,  the  oil  is  collefted 
in  a particular  ftratum,  either  on  the  furface,  or  at  the 
bottom  of  the  water.  That  this  oil  may  be  thus  ac- 
quired in  greater  abundance,  diftilled  water  is  coho- 
bated  feveral  times  upon  recent  plants,  and  a ftrong 
fire  is  applied  at  the  beginning  of  the  operation,  that 
time  may  not  be  allowed  for  the  oil  to  be  diflblved  in 
the  water. 

} DCCXLIL  In  other  refpeBs  this  operation  re- 
quires the  fame  treatment  and  cautions  as  the  diftilla- 
tion  of  the  waters  already  mentioned.  Oils  are  fepa- 
rated  from  water  in  three  ways : 

1.  By  a filver  fpoon. 

2.  By  a glafs  funnel. 

3.  By  a cotton  wick,  through  which  the  oil  per- 
meates into  a phial,  attached  to  the  neck  of  the  re- 
ceiver. Since  all  foreign  matter  remains  in  the 
water,  when  this  method  is  employed,  we  juftly  prefer 
it  to  any  other. 

Oils  which  exceed  water  in  fpecific  gravity 
are  either  feparated  by  the  fecond  method,  or  the 
water  is  rendered  heavier  than  the  oil  by  a fo- 
lution  of  common  fait ; fo  that  the  oil  floats  on  the 
furface,  when  the  remaining  two  methods  may  be 
employed. 

§ DCCXLIIL  Etherial,  volatile,  or  eflential  oils 
are  all  volatile  at  the  temperature  of  boiling  water; 
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but,  for  the  molt  part,  they  efcape  even  under  the 
common  temperature  of  the  atmofphere.  In  this 
temperature  fome  few  are  conftantly  congealed,  and 
require  a higher  temperature  for  liquifa6tion.  They 
all  become  thick  in  the  open  air,  and  are  at  length 
changed  into  a refinous  mafs,  when  fome  depofit  an 
acid  fait,  others  camphor. 

^ DCCXLIV.  Etherial  oils  differ  greatly  in  co- 
lour; fome  are  pale,  others  yellow,  brown,  or  red, 
nay  blue  or  green.  Befides,  the  colour  of  an  elfen- 
tial  oil,  of  one  and  the  fame  plant,  is  frequently 
different  according  to  the  feafon,  the  age  of  the  plant, 
and  the  degree  of  heat  applied  in  the  diftillation, 
See,  The  age  of  the  oil  has  alfo  an  effe6l  upon  its 
colour. 

§ DCCXLV.  Etherial  oils,  fuch,  for  inflance,  as 
are  prepared  of  European  plants,  are  for  the  moll  part 
fpecifically ' lighter  than  water,  and  therefore  float 
upon  its  furface.  Some  few  are  heavier,  which  fall  to 
the  bottom ; Rich  as  oils  extracted  from  the  aromatic 
plants  of  both  the  Indies.  Many  oils  are  very  thin 
and  liquid,  but  fome,  even  when  recently  prepared, 
are  thick  and  mucilaginous ; fo  that  during  the  diflilla- 
tion  they  every  where  adhere  to  the  beak  of  the  alem- 
bic and  to  the  worm,  as  the  oil  of  the  millefolium. 
But  this  fpiffitude  of  oils  has  no  influence  upon  their 
fpecific  gravity. 

5 BCCXLVI.  Etherial  oils  always  poffefs  the 
odour  of  the  plant  from  which  they  are  obtained. 
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They  are  remarkable  for  an  acrid  and  burning  taftej 
but  this  acrimony  is  not  always  proportioned  to  the 
acrimony  of  the  plant;  thus  the  oil  of  mugwort  and 
dragonwort  is  but  acrid  in  a very  flight  degree  com-  ^ 
pared  with  the  plants  themfelves. 

§ DCCXLVII.  Some  authors  infifl:  that  more 
eflential  oil  is  to  be  obtained  from  dried  than  recent 
plants.  But  fuppofing  this  not  to  be  the  cafe,  it  is 
certain  that  dry  plants  aflbrd  a purer  and  more  attenu- 
ated oil. 

5 DCCXLVIll.  Etherial  oils  are  true  extraös, 
and  exift  in  the  plant  in  the  fame  ftate  in  which  we 
obtain  them;  which  is  eafily  proved,  fince  from 
fome  parts  of  vegetables  the  etherial  oil  may  be  ob- 
tained by  preflure  alone,  as  from  orange  and  lemon 
peel. 

5 DCCXLIX.  As  etherial  oils  are  always  at  a 
high  price,  they  are  likely  to  be  adulterated,  which  may 
be  eflPeded  ; ' 

1.  By  exprefled  oils. 

2.  By  fpirit  of  wine. 

3.  By  inferior  etherial  oils. 

The  firft  fraud  is  difcovered  when  paper,  ftained 
with  the  oil  to  be  examined,  leaves,  on  expofure  to 
fire,  a tranfparent  fpot;  for,  if  the  oil  be  genuine,  it 
will  entirely  difappear.  Or  a fmall  portion  of  it  is 
dropped  upon  fpirit  of  wine,  which  diffolves  the  ethe- 
rial oil,  and  leaves  that  which  is  exprefled. 

We  difcover  the  fecond  fraud  if  a drop  of  the 
oil  falls  from  fome  height  into  water,  when  it  leaves 
a milky  veftige,  if  adulterated. 
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The  Aird  fraud  is  known  from  the  fmell  which 
linen,  ftained  with  this  oil,  dilfufes  when  quickly 
burnt ; for  the  adulteration  is  for  the  moft  part  effeB- 
ed  by  means  of  oil  of  turpentine. 

XCVII.  OF  FAT  OR-FIXED  OILS. 

§ DCCL.  Some  parts  of  plants  contain  another  kind 
of  oil,  equally  free,  yet  very  different  from  etherial  oil. 
Such  parts  are  efpecially  the  feeds,  as  almonds,  nuts, 
linfeed,  hemp.  See.  from  which  we  obtain  it  fimplyby 
preffing  the  bruifed  feed  between  a cloth.  It  is  proba- 
ble that  this  oil  forms  one  of  the  conftituents  of  all 
plants,  but,  that  in  mod  of  them  it  is  fo  intimately  - 
connefted  with  the  other  refinous  and  mucilaginous 
principles,  as  not  to  be  readily  feparated. 

§ DCCLI.  Thcfe  fat  or  expreffed  oils  differ  from 
etherial  oils  in  as  much  as  they  are  deftitute  of  odour, 
mild  to  the  tafle,  unchangeable  and  fixed  at  a higher 
temperature,  and  being  looner  decompofed  than  eva- 
porated; and,  laflly,  becaufe  they  are  infoluble  fn 
water  and  fpirit  of  wine. 

5 DCCLII.  Moll  fat  oils  are  liquid  at  the  com- 
mon temperature  of  the  atmofphere,  and  do  hot  con- 
geal unlefs  the  temperature  be  diminifhed.  Some 
few  however  are  always  feen  in  this  congealed  Hate, 
as  the  oil  of  bay-berries  and  cocoa-feed,  which  laft 
is,  on  this  account,  named  butter  of  cocoa.  As  thefe 
oils  are  not  readily  obtained  by  preffure  alone,  the 
bruifed  feed  is  boiled  for  fome  time  in  water,  when 
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tli€  oil  is  feparated,  and,  being  cooled,  floats  upon 
the  fliTface. 

^ DCCLIIL  The  quantity  of  o]l  obtained  is 
greater,  if,  previous  to  expreflion  or  co6lion,  the  feed 
or  berries  be  gently  torrefied,  becaufe  their  mucilagi- 
nous parts  are  thus  deftroyed.  But  as  it  is  in  fa8: 
this  mucilage  which  tends,  in  a great  meafure,  to 
render  the  oil  mild,  therefore,  oils  obtained  as  above, 
are  lefs  mild  and  more  diluted.  But  here,  alfo,  com- 
buftion  of  the  feed  is  as  much  as  poflTible  to  be 
avoided,  left  the  oils  obtain  an  empyreumatic  odour. 
Oils,  feparated  from  torrefied  feeds,  are  alfo  faid 
to  become  fooner  rancid.  ' 

§ DCCLIV.  Fat  oils,  when  kept  for  a long  time, 
ejarrupt,  and  become  rancid;  their  acid  is  difengaged, 
and  communicates  an  acrid  tafte  and  penetrating 
fmell.  This  corruption  of  oils  happens  in  a greater 
or  lefs  fpace  of  time,  and  is,  for  the  moft  part,  in  an 
inverfe  ratio  of  the  temperature  required  for  their 
congelation.  But  if  fuch  oils  be  fpread  very  thinly 
and  expofed  to  the  air,  they  attrad  the  oxygen  from 
it,  and  change  into  a mafs  firnilar  to  wax.  The  fame 
effect  is  more  fpeedily  produced  by  acids,  and  efpe- 
cially  by  the  oxygenated  muriatic  acid.  By  tritura- 
tion alone,  with  the  concentrated  fulphuric  acid,  they 
form  the  acid  foap. 

§ DCCLV.  Fat  oils,  when  heated  to  the  point  of 
ebullition,  become  infpiflated;  but  this  efFe8;  is  pro- 
duced much  more  fpeedily,  if  they  be  boiled  with  me- 
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tallic  oxides;  for,  by  depriving  them  of  a portion  of 
their  oxygen,  they  become  thicken  From  linfeed-oil 
and  the  calx  oflead  we  obtain,  in  this  manner,  what  is 
termed  oil-varnifh,  which  dries  more  readily,  and 
is,  therefore,  made  ufe  of  for  colours.  " 

5 DCCLVI.  Fat  oils  do  not  a6l  upon  earths;  but 
they  combine  with  alkaline  falts,  with  which,  when 
cauftic,  they  form  vegetable-foaps.  For  this  purpofe 
a caullic  alkaline  ley  is  boiled  for  fome  time  with  fat 
oils.  Thefe  foaps  af^|bluble  in  water,  and  decom- 
poundable by  acids,  which  feparate  the  oil.  The  foap 
prepared  with  foda  is  dry,  but  that  widi  pot-afh  deli- 
quefees  in  atmofpheric  air.  Ammoniacal  foap  is  only 
to  be  formed  by  a long  continued  trituration. 

^ DCCLVIl.  Etlierial,  as  well  as  fat  oils,  aided  by 
heat,  readily  dilTolve  iulphur,  with  which  they  form  an 
infpilfated  brown  liquor.  If  twelve  parts  of  fat  oil 
be  melted  with  one  part  of  fulphur,  in  a glazed 
earthen  veflel,  the  mafs  thus  produced  is  termed  Ru- 
land’s  balfam  of  Iulphur.  It  fwells  confiderably  du- 
ring this  operation,  and  frequently  inflames,  which, 
however,  may  be  prevented  by  a proper  attention  to 
the  fire.  In  the  fame  manner  we  prepare  balfams  of 
fulphur  with  etherial  oils;  but  thefe  fubflances  are 
even  more  apt  to  inflame  than  the  former,  and  fre- 
quently produce  a dangerous  explofion. 

5 DCCLVI II.  If  feeds,  abounding  in  fat  oil,  be 
bruifedin  a mortar,  with  a little  additional  water,  we 
obtain,  by  exprefling  the  mafs,  a white  liquor,  like 
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milk,  called  an  emulfion.  Bruifing  is  a continued 
preflure  whereby  the  fat  oil  is  feparated  from  the 
feed,  and  remains  diflblved  for  fome  time  in  the 
water  by  the  aid  of  the  farinaceous  and  mucilaginous 
parts,  extrafted  at  the  fame  time. 

§ DCCLIX.  Neverthelefs,  the  union  of  the  con- 
ftituent  parts  in  an  emulfion  is  weak,  and  the  oil,  as 
well  as  the  farinaceous  parts  are  gradually  feparated 
from  the  water;  by  agitation,  however,  they  are 
again  taken  up.  An  emulfion  readily  ferments,  on 
account  of  the  mucilage;  and  this  frequently  happens 
during  the  hot  days  of  fummer  in  the  fpace  of  a few 
hours.  It  alfo  becomes  rancid  on  account  of  the 
fat  oil. 

XCVIII.  OF  WAX,  RESINS,  BALSAMS, 
AND  GUMS. 

§ DCCLX.  Wax,  in  regard  to  its  properties, 
agrees,  for  the  mod  part,  with  pure  fat  oils,  and  ex- 
hibits the  fame  phenomena,  both  in  the  fire  and  in  its 
combinations.  It  is  naturally  white,  and  acquires  a 
yellow  colour  from  honey  alone,  of  which  it  may  be 
again  deprived  by  bleaching  in  the  air,  as  well  as  by 
the  oxygenated  muriatic  acid.  It  is  then  called  virgin 
or  white  wax, 

§ DCCLXI.  Common  wax  is  colle6led  by  bees 
from  the  flowers  of  plants ; but  there  are  alfo  fome 
parts  of  plants  which  abound  fo  much  in  wax,  that 
it  may  be  extraQed  from  them  (imply  by  deco6lion. 
Such  is  the  green  wax  afforded  by  the  Myrica  cerifera, 
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which  approaches  hill  more  to  the  nature  of  fat  oils. 
In  the  Weft  Indies  there  is  a fpecies  of  bees  which 
furnifti  black  wax  that  cannot  be  whitened  by  bleaching. 

§ DCCLXII.  Gum  is  the  infpiftated  juice  of  plants,  . 
which  exudes  from  them  either  fpontaneoufly,  or  by 
making  incifions  in  the  bark.  It  is  generally  white, 
or  fomewhat  yellow,  feldom  brown  or  red.  It  is  fo- 
luble  in  water  with  which  it  forms  mucilage.  But 
it  is  infoluble  in  alcohol,  ether,  etherial  and  fat  oils. 
The  mucilage  and  ftarch,  obtained  by  decoftion  from 
various  other  plants,  for  inftance,  the  root  of  the 
Marfhmallow  and  the  kernels  of  Quinces,  See.  does 
not  differ  in  its  chemical  properties  from  a folution 
of  gum  in  water. 

5 DCCLXIII.  Refins  are  obtained  from  vegeta- 
bles in  the  fame  manner  as  gums.  They  are  inflam- 
mable, and,  when  inflamed,  diftufe  a ftrong  and  pe- 
culiar odour.  They  are  perfehlly  foluble  in  alcohol, 
with  which  they  form  tinbtivres,  clfences,  and  elixirs. 
The  refinous  parts  may  be  extracted  from  almoft 
every  plant,  by  means  of  alcohol;  and  tin^fures  are 
thus  prepared  Vv^hich  yield  all  their  refin  on  the  ad- 
dition of  water,  for  which  reafon  they  are  termed 
fpirituous  extraÖs.  Rehns  are  alfo  foluble  in  fat 
and  etherial  oils;  with  the  latter  they  form  varnifhes, 
and,  with  the  former,  artificial  balfams.  Etherial  oil 
may  be  obtained  from  fome  refins  by  diftillation 
with  water. 

5 DCCLXIV.  Balfarns  merely  differ  Bom  refins 
in  fluidity,  and  in  containing  more  etherial  oil; 
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whencfc  they  pofTefs  a ftronger  fmell  aqd  fome  tafte. 
All  native  refins  were  originally  balfams;  and,  there- 
fore, all  balfams  may  be  converted  into  refins  by  the 
artificial  reparation  of  their  etherial  oil. 

§ DCCLXV.  Gum-refins  are  native,  infpifiatedj 
vegetable  juices,  compofed  of  gum  and  refin.  They 
are  formed  by  art,  when,  after  the  parts  of  plants 
have  been  digefted  in  diluted  alcohol,  the  alcohol 
is  evaporated.  For  this  reafon  moft  tin  Bures  con- 
tain gum-refin, 

5 DCCLXVI.  Elaftic  gum,  or  Caoutchouc,  which 
is  the  infpiffated  juice  of  the  latropha  elaftica,  a Weft- 
Indian  plant,  is  very  different  from  the  bodies  above- 
mentioned.  It  is  neither  foluble  in  water  nor  in 
alcohol,  and  but  in  a flight  degree  in  fat  oils;  but  it 
is  entirely  diffblved  in  ether  and  naphtha.  melts 
on  expofure  to  fire  into  an  unBuous  mafs,  which 
cannot  be  again  rendered  folid.  Its  natural  colour  is 
white,  inclining  to  yellow,  but  is  blackened  artificially 
by  fmoke.  The  exprefled  and  infpiffated  juice  of 
miflle-berries  agrees,  in  fome  refpeBs,  with  this 
fubftance. 

XCIX.  OF  CAMPHOR. 

§ DCCLXVII.  Camphor  is  a peculiar  body, 
which  forms  a conflituent  part  of  many  odoriferous 
plants;  but  moft  of  thefe  contain  it  in  fmall  quantity 
only,  and  it  is  generally  obtained  by  fpontaneous 
reparation  from  their  etherial  oils.  The  Laurus  cam- 

s 2 


phöra,  Laurus  cinnamomum,  and  the  camphor-tree  of 
Surinam,  contain  it  in  fuch  abundance,  that  it  not 
only  exudes  from  the  trunk,  branches,  and  roots,  but 
may  be  alfo  extraBed  from  them  by  fublimation. 
That  which  is  fold  in  Europe  is  altogether  obtained 
from  the  Laurus  Camphorae  of  Japan. 

5 DCCLXVIII.  Camphor  is  of  a white  colour,  and 
cryhalline  texture.  It  is  diftinguiflied  by  a peculiar 
and  ilrong  fmell.  It  evaporates  at  the  common 
temperature  of  the  atmofphere,  without  leaving  the 
fmallell  vehige  behind.  It  is  fublimed  without 
change  in  clofe  veffels.  It  is  fpecifically  lighter  than 
water,  in  which  it  is  perfeBly  infoluble.  But  it  is 
readily  diffolved  in  fpirit  of  wine,  and  in  etherial  and 
expre fled  oils. 

§ DCCLXIX.  It  is  alfo  foluble  in  the  mineral 
acids,  and,  if  eight  parts  of  nitric  acid  be  diftilled 
upon  one  part  of  camphor,  and  this  operation  be 
repeated  twelve  times  with  frefh  acid,  we  obtain  a 
dry  acid  I'alt,  which  is  the  camphoric  acid.  This 
fait  approaches  in  its  properties  to  the  oxalic  acid. 
Camphor,  when  mixed  and  diflilled  with  clay,  is 
changed  into  a yellow  oil,  the  oil  of  camphor,  not 
different  from  camphor  itfelf,  except  in  its  fluidity, 

C.  OF  SUGAR. 

§ DCCLXX.  Sugar  is  properly  a white  cryftal- 
iine  body,  obtained  from  the  expre  fled  juice  of 
the  fugar-cane  by  evapQration  and  refining.  The 
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fame  fubftance  may  be  alfo  prepared  from  the  juice 
of  many  other  plants;  neither  manna,  nor  honey, 
when  properly  purified,  differ  chemically  from  fugar, 

§ DCCLXXI.  Sugar  agrees,  in  fome  meafure, 
in  its  general  properties,  with  falls.  It  is  remarkable 
for  a peculiar  fweet  tafte.  It  is  diffolved  in  w^ater 
and  fpirit  of  wine,  and  oils  are  rendered  foluble  in 
water  by  its  union. 

5 DCCLXXII.  If  one  part  of  fugar  be  diftilled 
with  three  parts  of  nitric  acid,  till  nitrous  gaz  ceafes 
to  be  developed,  and  then  re-diftilled  with  three  parts 
of  the  fame  acid,  a white  cryftallized  fait  is  found  in  • 
the  liquid  refidue,  which  is  the  acid  of  fugar.  The 
nitric  acid  is  here  partly  decompofed;  its  oxygen 
unites  with  the  fugar,  forming  the  acid  of  fugar;  the 
trous  gaz  is  feparated,  and  the  remaining  nitric  acid 
is  carried  over  into  the  receiver. 

{ DCCLXXIII.  The  acid  of  fugar  forms  regular 
tetraedral  prifmatic  cryftals,  which  have  a fharp, 
acid,  and  not  ungrateful  tafte.  It  is  perfe6lly  dif- 
folved in  two  parts  of  cold  water,  with  fome  crepita- 
lion.  When  expofed  to  fire,  in  clofed  veffels,  it  is 
partly  fublimed  in  the  form  of  a white  powder,  and 
partly  decompofed  and  carried  into  the  receiver  as 
erapyreumatic  acid  of  fugar, 

$ DCCLXXIV.  The  acid  of  fugar  combines  with 
the  fixed  alkalis,  and  forms  neutral  falls,  very  foluble 
in  hot  water,  fufceptible  of  being  fuperfaturated  with 
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the  acid,  when  they  cryftallize  in  a columnar  form, 
and  are  decompoundable  in  fire,  in  which  cafe  the  alkali 
is  left  in  a mild  flate.  With  ammoniac  it  produces  a 
neutral  fait,  which  flioots  alfo  into  tetraedral  columns, 
efflorefces  in  the  open  air,«  and  is  partly  decom- 
pounded by  fire,  and  partly  fublimed. 

§ DCCLXXV.  Of  all  the  alkaline  bafes,  lime  has 
the  greateft  affinity  with  the  acid  of  fugar.  The 
earthy  fait,  thus  formed,  is  almoft  infoluble  in  wa- 
ter. Hence  the  pure  acid  of  fugar,  as  well  as  the 
neutral  acido-faccharine  falts,  are  excellent  teils  for 
deteHing  lime.  This  fait  is  bell  prepared  by  the  de- 
compofition  of  nitrate  of  lime  by  the  acid  of  fugar. 

§ DCCLXXVI.  Baryt  and  magnefia  form  earthy 
falts  with  the  acid  of  fugar,  which  are  not  foluble  in 
water  unlefs  they  be  fuperfaturated  with  the  acid,  the 
firfl  of  which  may  then  be  cryftallized.  With  alumine 
it  produces  an  acido-faccharine  mafs  of  a yellowiffi 
colour,  not  cryftallizable,  and  deliquefcent  when  ex- 
pofed  to  the  air. 

§ DCCLXXVII.  The  acid  of  fugar  unites  with 
almoll  all  metals,  forming  metallic  falts,  difficultly 
foluble  in  water.  The  faccharine  acid,  when  com- 
bined with  mercury,  and  expofed  to  -fire,  poffeffes 
a fulminating  property. 

CL  OF  THE  SALT  OF  SORREL. 

§ DCCLXXVIII.  Sorrel,  wood  forrel,  and  pro- 
bably all  plants  poffeffing  a genuine  acid  taflC;  con- 
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tain  a fait  which,  by  the  evaporation  of  the  juke  and 
repofe,  Ihoots  into  cryftals,  generally  termed  their  ef- 
femial  fait.  To  obtain  it  from  either  of  the  plants  men- 
tioned, the  frefh  juice,  evaporated  alrnoft  to  the  con- 
fidence of  honey,  is  poured  into  a glafs  bottle  with 
a narrow  neck,  and  covered,  by  pouring  upon  it  a 
ftratum  of  the  oil  of  olives.  After  fome  weeks,  the 
fides  of  the  bottle  are  invefted  with  a cruft,  which 
is  the  fait  of  forrel ; a greater  quantity  of  ^which  may 
be  ^obtained  from  the  fame  juice  by  a repetition  of 
the  operation. 

§ DCCLXXIX.  This  fait  of  forrel  is  a neutral 
acidulous  fait,  confiding  of  pot-afh,  fuperfaturated 
with  a peculiar  acid.  It  forms  itfelf  into  fmall  la- 
mellar cryftals,  which  are  foluble  in  fix  parts  of 
boiling  water,  and  remain  unchanged  in  the  atmof- 
phere.  In  order  to  decompound  it,  a fmall  portion 
of  nitrate  of  baryt  is  added  to  its  aqueous  folution^ 
when  the  baryt  unites  with  the  oxalic  acid,  and  the 
pot-afti  with  the  nitric  acid.  The  oxalate  of  baryt, 
which  is  precipitated,  is  afterwards  decompounded  by 
digeftion  with  fuiphuric  acid. 

^ DCCLXXX.  Formerly  the  oxalic  acid  wascon- 
fidered  as  an  acid  different  from  that  of  fugar;  but 
it  is  now  proved  by  experiment,  that  it  does  not  dif- 
fer from  this  acid  in  any  of  its  properties,  and  hence. 
the  terms  oxalic  acifl  and  acid  of  fugar  are  fynoni- 
mous* 
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CII.  OF  THE  BENZOIC  ACID. 

5 DCCl.XXXI.  Benzoin  contains  a peculiar 
fait  in  a free  ftate,  named  the  benzoic  acid,  which 
may  be  feparated  from  it  by  various  proceffes,  two 
of  which  are  commonly  employed.  The  benzoin, 
is  either  fufed  by  a gentle  heat,  in  an  earthen  cucur- 
bit, covered  with  an  earthen  or  paper  cone,  when 
the  fait  fublimes  in  fmall  white  cryftals,  termed  flowers 
of  benzoin,  which  are  the  benzoic  acid.  Or,  the 
benzoin  being  reduced  to  powder,  is  boiled  in  water 
with  lime  recently  flaked,  afterwards  filtered  and 
evaporated,  and,  when  cooled,  affufed  with  the  mu- 
riatic acid,  by  which  means  the  benzoic  acid  is  pre- 
cipitated in  the  form  of  a white  powder. 

§DCCLXXXII.  The  benzoic  acid  has  a peculiar 
cauflic  tafle.  It  forms  fmall  cryflals,  which  glitter 
like  filk,  and  remain  unchanged  under  the  common 
temperature  of  the  atmofphere.  It  is  difficultly  fo- 
luble  in  cold  water,  but  more  readily  in  hot  water 
and  fpirit  of  wine.  In  clofed  veflels  it  may  be  entirely 
fublimed  without  change.  On  expofure  to  fire,  and 
in  contact  with  the  atmofphere,  it  burns  with  flame 
and  an  agreeable  fmell.  It  is  but  little  aff’eHed  by 
the  nitric  acid. 

5 DCCLXXXIII.  Combined  with  alkalis  it  forms 
neutral  falts  in  acicular  cryflals,  which  attra6l  humi- 
dity from  the  atmofphere,  or  efflorefce.  With  lime 
it  forms  an  earthy  fait,  which  is  perfeHly  foluble  in 
water,  and  of  a fweetifh  tafle.  All  thefe  falts  are 
decompofed  by  fire. 
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} DCCLXXXIV.  The  benzoic  acid  is  likewife 
obtained  from  many  other  reiins  and  balfams,  fuch 
as  balfams  of  Peru  and  Tolu,  ftorax,  &c. 

cm.  OF  THE  CITRIC  ACID. 

§ DCCLXXXV.  The  juice  of  lemons  conlifts 
properly  of  four  parts ; of  the  citric  acid,  the  malic 
acid,  mucilage,  and  water.  Pure  citric  acid  may 
be  obtained  from  it  in  the  following  manner : pure 
chalk  being  thrown  into  pure  lemon-juice,  pre- 
vioufly  heated,  the  citric  acid  combines  with  the 
chalk,  and  forms  an  earthy  neutral  fait,  infoluble  in 
water,  whilft  another  portion  of  the  chalk  is  taken 
up  by  the  malic  acid,  and  remains  diffolved  in  the 
water.  The  precipitate  is  then  feparated,  and  digefted 
with  diluted  fulphuric  acid,  which  combines  with 
the  chalk,  wjien  pure  citric  acid  may  be  obtained  in 
cryftals  by  the  evaporation  of  the  remaining  lix- 
ivium. 

5 DCCLXXXVI.  The  citric  acid,  when  com- 
bined with  alkalis,  forms  neutral  deliquefcent  cryf-* 
tallizable  falts,  and  with  the  alkaline  earths  uncryf- 
tallizable  falts.  It  differs  principally  from  the  acid 
of  tartar,  as  it  does  not  decompound  muriate  of 
pot-afh.  When  boiled  with  the  nitric  acid,  it  is 
changed  into  acid  <fl'  fugar. 

CIV.  OF  THE  MALIC  ACID. 

5 DCCLXXXVII.  The  juice  of  apples  contains 
a peculiar  acid,  called  the  malic  acid,  which  is  ob- 
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tained  from  it  by  the  following  method : faturate  the 
juice  of  apples  with  pot  afli,  filter  the  lixivium,  and 
add  acetate  of  lead  till  precipitation  ceafes.  Having 
edulcorated  the  precipitate,  it  is  digefted  with  diluted 
fulphuric  acid,  and  the  liquor  decanted  off'  is  pure 
malic  acid.  ^ 

§ DCCLXXXVIII.  Pure  malic  acid  cannot  be 
cryftallized.  When  boiled  with  the  nitric  acid, 
it  becomes  acid  of  fugar.  With  alkalis  it  produces 
deliquefcent  neutral  falts.  When  completely  fatu- 
rated  with  lime,  it  forms  an  earthy  (alt  infoluble 
in  water;  but  imperfefiUy  faturated  with  the  fame,  it 
forms  a fait  readily  foluble  in  water. 

5DCCLXXXIX.  The  malic  acid  readily  diflblves 
iron,  fo  that  if  digefted,  when  frefh,  on  iron  filings, 
a brown  folution  is  obtained,  which,  when  condenfed 
by  evaporation,  forms  the  extract  of  iron  by  the 
malic  acid,  and,  combined  with  alcohol,  the  tinfilure 
of  iron  by  the  malic  acid. 

^ DCCXC-  Many  other  four  fruits,  befides  ap- 
ples, contain  the  malic  acid  as  a conftituent  part, 
and  always  more  or  lefs  mixed  with  the  citric  and 
lartareous  acids;  fuch  fruits  are  barberries,  currants, 
ffocs,  cherries,  rafpberries,  ftrawfferries,  elderberries, 
brambleberries,  Sic,  from  all  of  which  the  malic 
acid  may  be  obtained  by  the  method  deferibed. 
(§  DCCLXXXVII.) 
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CV.  OF  THE  GALLIC  ACID. 

{ DCCXCI.  We  have  long  been  acquainted  witb 
a peculiar  property  of  certain  plants,  called  aftrin- 
gent;  and  this  property  was  always  attribute  to  fomc 
particular  part  of  the  plant,  which  they  termed  the 
aftringent  principle.  But  it  has  been  proved  by  mo- 
dern experiments,  that  this  principle  is  of  a faline, 
and  probably  acid,  nature.  The  parts  of  vegeta- 
bles which  moft  abound  in  it  are  the  barks  of 
various  trees,  as  of  the  oak,  Peruvian  bark,  the 
leaves  of  tea,  fumach ; but,  above  all,  the  gallnut, 
whence  it  has  received  the  name  of  gallic  acid. 

5 DCCXCII.  The  acid  of  galls  is  obtained  from 
plants,  as  well  by  means  of  water  as  fpirit  of  wine; 
and  the  infuhons  and  tinHures,  thus  produced,  are 
remarkable  for  a peculiar  aftringent  tafte,  and  for 
exhibiting  very  fingular  phenomena  in  precipitating 
different  metals  from  their  folutions  ; gold  and  filver, 
for  inftance,  are  precipitated  in  a metallic  form,  whilft 
the  other  metals  affume  various  colours.  But  the 
black  precipitate  of  iron,  obtained  from  fulphate  of 
iron  by  the  gallic  acid,  is  that  w^hich  is  moft  known, 
and  which,  when  united  with  gum,  forms  that  ufeful 
liquid  termed  ink. 

§ DCCXCIIL  All  thefe  precipitates  may  be  con- 
fidered  as  metallic  falts.  They  are  foluble  again  in 
mineral  acids,  but  not  a6ted  upon  by  vegetable  acids; 
vinegar,  therefore,  is  added  to  common  ink  to  de- 
fend it  againft  mouldinefs. 
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§ DCCXCIV.  To  obtain  pure  gallic  acid,  eight 
parts  o^  cold  water  are  poured  upon  galls,  reduced 
to  powder.  This  infufton  is  fufiPered  to  reft  for 
fome  days,  when  the  yeliowifh  liquor  is  decanted 
off,  and  kept  in  a warm  place.  After  fome  months, 
it  deposits  a brown  matter,  upon  which  alcohol 
being  affufed,  the  tintlure  is  evaporated  to  drynefs, 
when  it  affords  fmall  cryftals,  which  conftitute  the 
gallic  acid, 

5 DCCXCV.  This  acid  has  a four  tafte.  It 
reddens  the  tincture  of  turnfole,  and  effervefces  with 
mild  alkalis.  It  is  perfectly  diffolved  in  one  and  a 
half  part  of  water  and  four  of  alcohol.  When  dif- 
lilled  to  drynefs,  in  clofe  veffels,  it  affords  an  aci- 
dulous phlegm,  and  a dry  fublimed  fait,  ffmilar,  in 
appearance,  to  the  benzoic  acid,  but  poffeffing  the 
properties  of  the  gallic  acid.  When  boiled  with 
the  nitric  acid,  it  is  almoft  entirely  changed  into  acid 
of  fugar. 

CVI.  OF  OTHER  NATIVE  VEGETABLE- 
SALTS. 

§ DCCXCVL  Befides  the  falts  already  mentioned, 
almoft  every  plant  contains  fome  portion  of  fixed  aL 
kali,  which  may  be  feparated  from  it  by  digeftion  with 
acids.  It  is  alfo  not  unfrequently  the  cafe,  that 
fome  plants  contain,  accidentally,  neutral,  earthy, 
and  metallic  falts,  as  nitre  in  the  heliotrope,  tobacco, 
and  others;  common  fait  in  plants  growing  contL 
guous  to  the  fea;  fulphate  of  pot-afh  in  the  mille- 


folium,  and  fome  aromatic  plants;  fal  mirabilis  in 
the  tamarifk.  See. 

evil.  CONCERNING  THE  EFFECTS  OF  A 

HIGHER  TExMPERATURE  UPON  PLANTS 
AND  THEIR  COMPONENT  PARTS. 

§ DCCXCVII.  All  the  experiments  hitherto  made 
have  taught  us  that  plants  are  affeSed  in  two 
ways,  with  regard  to  the  change  which  they  undergo 
when  expofed  to  a ftronger  fire;  for  which  reafon 
they  were  divided  by  Boerhaave  into  two  claffes. 
To  inveftigate  the  nature  of  plants  in  this  way,  they 
are  introduced  into  a glafs  retort,  without  the  addi- 
tion of  any  other  fubftance;  the  fire  is  then  gradu- 
ally increafed,  till  the  retort  becomes  red  hot,  and 
the  produQ:s,  afforded  at  different  temperatures,  are 
feparately  colle6led. 

§ DCCXCVIII.  The  plants  of  the  firft  clafs  af- 
ford, by  thefe  means : 

1.  Their  native  water,  impregnated,  according  to 
circumftances,  with  aroma  and  etherial  oil. 

2.  A brown  empyreumatic  acid  phlegm,  which 
grows  darker,  and  ultimately  black. 

3.  An  infpiffated,  black,  empyreumatic  oil;  lat- 
terly alfo  a confiderable  quantity  of  hydrogen  and 
carbonic  acid  gaz ; and,  towards  the  conclufion,  the 
fire  being  confiderable  increafed,  a fmall  portion  of 
carbonate  of  ammoniac.  In  the  retort  there  remains 
pure  charcoal  only. 


5 DCCXCIX.  The  liquid  obtained  firft  is  the  na* 
live  water  of  the  plant,  DCC.)  except  that  not 
unfrequently  it  is  rendered  impure  by  part  of  the 
fucceeding  produQ:s.  The  other  produB:  is  a true 
acid;  but  this  did  not  exift  in  the  plant  fuch  as  we 
obtain  it,  becaufe  it  owes  its  formation  to  the  mucila- 
ginous and  oily  parts  burnt  in  -this  increafed  tempe- 
rature, and  acidified,  in  fome  meafure,  by  the  oxygen 
of  the  native  water  of  the  plant.  This  acid,  which 
is  obtained  in  greater  abundance  from  the  harder 
parts  of  plants,  as  from  wood,  is  termed,  by  modern 
Chemifts,  the  pyroligneous  acid.  Its  burnt  fmell  is 
chiefly  owing  to  the  empyreumatic  oil  with  which  it 
is  united,  and  from  which,  in  fome  meafure,  it  may 
, be  purified  by  repeated  diflillation. 

J DCCC.  The  empyreumatic  oil,  which  comes  over 
with  the  lafl:  portion  of  empyreumatic  acid,  is  un- 
queflionably  produced  during  the  operation,  and  pro- 
bably differs  from  etherial  oils  only  on  account  of 
a greater  quantity  of  carbon  which  it  obtains  during 
its  mixture.  By  repeated  diflillation,  without  any 
additional  body,  the  colour  of  fuch  empyreumatic 
oils  becomes  fainter ; they  yield  a fmall  portion  of 
acid,  depofit  fome  carbon,  and  are  then  perfeBly  fo- 
luble  in  fpirit  of  wine. 

J DCCCl.  The  carbonate  of  ammoniac,  obtained 
towards  the  end  of  the  operation,  when  the  heat  be- 
came intenfe,  is  a mere  pi  oduB:;  for  all  the  confli- 
luent  principles  of  carbonic  acid  and  ammoniac  pre- 
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exift  in  the  plants,  and  only  become  capable  of  che- 
mically uniting  at  this  particular  temperature. 

{ DCCCII.  The  refidue  in  this  operation  is  a 
black  matter,  commonly  termed  charcoal.  This 
body  fulFers  no  farther  decompofition  in  clofed  veflels, 
although  urged  by  the  ftrongeft  fire.  But,  in  contaft 
with  the  atmofphere,  it  burns  with  a white  flame; 
nearly  three-fourths  of  it  unite  with  the  oxygen,  and 
form  carbonic  acid,  whilfl  pot-afh  or  foda,  lime 
and  metallic  particles  remain.  This  refidue  is  called 
vegetable-afhes. 

5 DCCCIII.  All  the  parts  of  plants  of  the  firfl 
clafs,  as  alfo  their  aqueous  extraä:s,  exhibit  the  fame 
effe6fs  from  this  treatment,  except  that  the  latter 
afford  a fmaller  portion  of  water,  more  empyreumatic 
acid  and  oil,  and  a coal,  which,  when  burnt,  yields 
much  alkaline  fait,  and  but  little  earth.  But,  if  the  plant 
be  previoufly  deprived  of  its  juices  by  repeated  coc- 
tion,  and  then  diftilled,  it  will  furnifh  but  little  acid 
or  oil,  and  charcoal,  which,  by  incineration,  affords 
no  pot-afh,  but  merely  a fmall  portion  of  earth,  and 
a few  metallic  particles. 

§ DCCCIV.  The  afhes  obtained  from  the  corn- 
bullion  of  common  vegetable  charcoal,  or  of  the 
recent  plant  itfelf,  in  a naked  fire,  confifl  of  faline, 
earthy,  and  metallic  particles ; but  which  are  not  al- 
ways of  the  fame  kind,  nor  in  the  fame  proportion. 
The  faline  parts  are  readily  feparated  by  folution  in 
water,  filtration,  and  evaporation. 
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§ DCCCV.  From  this  habitude  of  extraQs  and 
exco6led  plants,  by  dry  diRillation,  we  may  infer ; 

1.  That  empyreumatic  oils  and  acids,  as  well  as 
pot'-afli,  derive,  in  a great  m.eafure,  their  origin  from 
parts  of  plants  diflblved  in  water. 

'2.  That  common  charcoal  confifts  of  a peculiar 
fubftance,  combined  with  pot-afh,  earth,  and  metallic 
particles. 

3.  That  this  fubflance,  which  has  not  hitherto  been 
decompofed,  and  which  conftitutes  the  bafis  of  the 
carbonic  acid,  has  pre-exiRed  in  the  plant,  and  is  a 
mere  produft,  which  we  call  carbon. 

5 DCCCV  I.  The  afhes  of  all  plants,  growing  at  a 
diftance  from  fait  waters,  afford  pot-afh ; but  fuch  as 
grow  near  the  Tea,  or  on  the  banks  of  fait  lakes, 
afford  foda.  If,  however,  thefe  fame  plants  be  cul- 
tivated in  the  interior  of  the  country,  they  produce 
pot-afii  only.  The  greater  part  of  the  foda  and  pot- 
afii  of  commerce  is  obtained,  by  the  preceding  me- 
thod, from  the  afhes  of  plants. 

§ DCCCVII.  But  fuch  foda  or  pot-afh  is  not 
pure ; it  in  general  contains  more  or  lefs  fulphate  of 
pot  afh,  fulphate  of  foda,  muriate  of  foda,  &c.  To 
feparate  thefe  falls,  diffolve  the  pot-afh  or  foda  in 
water,  filter  the  folution,  and  evaporate  it  as  much  as 
neceffary;  it  being  then  cooled,  the  neutral  falls 
cryftallize,  and  the  alkali,  almoR  pure,  remains  in 
the  lixivium. 

5 DCCCVIIl.  The  allies  of  plants  do  not  indif- 
criminalely  contain  the  fame  quantity  of  fait,  the 
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more  compa£l:  and  firmer  parts,  as  hard  woods,  afford 
much  more  than  fuch  as  are  tender ; although  there 
are  fome  among  them  which  are  fcarcely  inferior  to 
the  woods,  as  fern,  wormwood,  &c.  Common  pot 
afh,  provided  it  be  well  purified,  is  always,  the  fame 
fait,  from  whatever  plant  it  may  be  prepared;  whence 
it  is  manifefl  of  what  trivial  importance  fuch  pot- 
afhes  are  which  were  formerly  prepared  from  the 
afhes  of  different  plants,  and  ufed  in  pharmacopeias 
under  the  falfe  but  pompous  title  of  effential  falts. 

5 DCCCIX.  Among  thefe  effential  falts,  as  they 
are  termed,  there  was  one  prepared  in  the  following 
manner : the  plants  were  burnt  in  an  iron  veffel,  with 
the  cover  flightly  clofed,  and  the  afhes,  thus  obtained, 
were  then  removed  and  wafhed.  They  denomi- 
nated thefe  falts  Sales  Tacheniani,  from  their  in- 
ventor. As  the  combuftion  of  the  plant  was  never 
perfect,  the  falts  contained  a fmall  portion  of  empy- 
reumatic  oil,  and  appeared  never  perfectly  white. 
Some  Chemifts  infilled  that,  if  the  afhes  were  calcined 
in  a crucible  previous  to  lixiviation,  the  fait  obtained 
would  be  pure  pot-afli  only. 

§ DCCCX.  There  are  alfo,  for  medical  purpofes, 
what  are  termed  effential  falts  prepared  with  ful- 
phur.  Thefe  are  formed  by  melting  equal  quanti- 
ties of  the  flowers  of  fulphur  and  of  an  effential 
fait  in  a crucible,  and  kept  flrongly  ignited  for  the 
fpace  of  fome  hours.  The  mafs  is  then  diffolved  in 
water,  flrained,  evaporated,  and  cryflallized.  As 
during  this  operation  the  fulphur  is  entirely  burnt, 
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we  may  readily  conclude,  that  this  eflential  fait,  pre- 
pared with  fuiphur,  is  nothing  but  mere  fulphate  of 
pot-afh,  or,  as  it  is  commonly  termed,  arcanum  du- 
plicatum.  The  pharmaceutic  Chemift,  however, 
fliould  be  careful,  left,  from  a want  of  attention,  he 
change  thefe  two  eflential  falts. 

§ DCCCXL  When  all  the  falts  are  obtained  from 
the  afhes  by  wafliing,  there  remains  a powder,  which 
confifts  of  lime,  and  fometimes  a little  gypfiim,  a 
very  fmall  portion  of  iron  in  a metallic  ftate,  and 
oxide  of  manganefe, 

§ DCCCXII.  If  thofe  plants,  which  Boerhaave 
places  in  his  fecond  clafs,  be  treated  in  the  fame 
manner,  without  any  additional  fubftances,  by  dry 
diftiilation,  as  above-mentioned,  they  alford: 

1.  The  native  water  of  the  plant,  which,  in  general, 
pofleflcs  a fetid  fmell. 

2. *  A very  fetid  empyreumatic  oil. 

3.  Carbonate  of  ammoniac,  both  in  a dry  and 
liquid  form. 

The  rehdue,  in  the  retort,  is  a half  melted  coal, 
the  allies  of  which  contain  no  fait,  but  earth  and 
metallic  particles  alone. 

^ DCCCXII L The  formation  of  thefe  produ6ts 
can  only  be  accounted  for  in  the  fame  manner  as 
in  plants  of  the  firft  clafs.  That  no  fixed  alkaline 
iait,  but  volatile  alkali  alone,  is  here  produced,  de- 
pends probably  upon  the  different  relation  between 
the  conftituent  parts  of  the  plants  of  thefe  two 
‘.^laiTeso  7'he  charcoal  of  the  plants  of  this  clafs  is 
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much  more  difficultly  reduced  to  allies  than  that  of 
the  former,  and,  in  this  refpeft,  approaches  nearer  to 
animal  charcoal. 

§ DCCCXIV.  Moll  plants  with  which  we  are  ac- 
quainted belong  to  the  firft  clafs.  The  other  clafs 
comprehends  chiefly  all  thofe  acrid  plants,  whofe 
odour  excites  fneezing  or  tears.  Of  this  kind  are 
tobacco,  fneezewort,  garlick,  onions,  muftard,  horfe- 
radilh,  and  the  whole  clafs  of  cruciform  plants,  ex- 
cept the  Cram  be  Tataria,  which  is  included  in  the  firft 
clafs,  and  the  mulberry,  which  belongs  to  the  fecond. 

CVIIL  OF  THE  PARTICULAR  EFFECT 
OF  A HIGHER  TEMPERATURE  UPON 
SOME  OF  THE  PARTS  OF  VEGETABLES. 

5 DCCCXV.  Etherial,  as  well  as  fat  oils,  when 
diftilled  per  fe,  by  a ftrong  heat,  afford  hydrogen 
and  carbonic  acid  gaz,  fome  empyreumatic  acid, 
an  empyreumatic  oil,  and  a coal,  which,  incinerated, 
produces  no  falts,  but  earth  alone. 

§ DCCCXVI.  If  an  oil  be  burnt  in  a clofed  veffel, 
containing  oxygen  gaz  or  atmofpheric  air,  the  pro- 
du61s  are  merely  water  and  carbonic  acid,  and  in 
various  proportions,  according  to  the  difference  of 
the  oil.  Oils,  therefore,  appear  to  confift  of  hy- 
drogen, carbonic  acid,  and  a fmall  portion  of  earth ; 
all  of  which  are  contained  in  different  proportions 
in  different  oils, 
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§ DCCCXVIL  Wax,  which  is  fo  analogous  to 
fat  oils  in  its  chemical  properties,  gives  the  fame 
produ8;s  by  combuftion  and  dry  diftillation.  On  the 
dißillation  of  wax,  per  fe,  there  paffes  into  the  re- 
ceiver a fetid  butyraceous  mafs,  called  the  butter  of 
wax,  and  fome  acid ; a fmall  portion  of  charcoal  re- 
mains behind.  This  butter  affords,  by  re-dillil- 
lation,  a fmali  portion  of  acid,  a liquid  oil,  com- 
monly termed  the  oil  of  wax,  and  fome  charcoal. 

5 DCCCXVIII.  Gums,  mucilages,  and  the  fac- 
charine  fubftances  of  vegetables,  afford  the  fame 
produfts  as  plants  of  the  firft  clafs,  except  that 
their  empyreumatic  acid  differs  fomewhat  from  the 
pyroligneous  acid ; whence  it  has  obtained  the  name 
of  pyro-mucous  acid.  The  coal  of  thefe  bodies  is 
commonly  very  fpongy  and  fhining,  and  yields  no 
alkaline  falts,  but  pure  lime  and  phofphate  of  lime 
only.  The  pyro-mucous  acid  may  be  purified  by 
re-difiillation,  either  per  fe,  or  with  the  addition  of 
pure  clay. 

§ DCCCXIX.  The  produas  of  refins,  as  alfo  of’ 
elaflic  gum,  by  dry  diftillation,  agree  with  thofe  of 
plants  of  the  firft  dafs,  the  native  water  excepted. 
The  odour  of  their  empyreumatic  oils  is  “alfo  lefs 
ungrateful,  and  the  fmell  of  fome  is  even  agreeable, 
as  oil  of  benzoin.  Eefides,  they  leave  but  little 
coaly  matter,  efpecially  if  pure,  and  the  afhes  of  the 
coal  contain  alkali. 
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§ DCCCXX.  Balfams,  after  having  at  the  ßrfl 
degree  of  heat  difengaged  their  etherial  oil,  furnifh 
the  fame  produQs  as  refins. 

§ DCCCXXI.  The  produQs  of  gura-refins  are 
compofed  of  the  ^roduQs  of  gums  and  refins. 

§ DCCCXX  1 1.  The  gluten  of  farina  affords,  by 
dry  diftillation,  the  produ6ts  of  the  plants  of  the  fe- 
cond  clafs;  but  the  whole  of  the  farina  affords  the 
produ6fs  of  the  firft  clafs,  except  that  the  empy- 
reumatic  acid  is  here  ,in  part  combined  with  ammo«» 
niac. 

§ DCCCXXIII.  Soot  is  that  fubftance  which  is 
elevated  in  the  form  of  fmoke  during  the  combultion 
of  vegetables,  and  which  could  not  be  entirely 
burnt  for  want  of  time.  This  body,  when  diftilled 
in  the  dry  way,  gives  the  produ6ls  of  plants  of 
the  fecond  clafs. 

CIX.  GENERAL  CONSIDERATION  OFTHE 

REMOTER  PRINCIPLES  OF  PLANTS. 

5 DCCCXXIV.  Though  analyfis  has  not  yet  fur- 
nifhed  us  with  an  accurate  knowledge  of  the  ultimate 
principles  of  plants,  yet,  from  the  above-mentioned 
fads,  and  from  general  obfervation,  it  appears,  that 
all  vegetable  bodies  may  be  refolved,  by  combuftion, 
into  carbonic  acid,  water,  ammoniac,  alkaline  falts, 
earths,  iron,  and  manganefe  ^ and  that  the  following 
may  be  confidered  as  the  general  and  ultimate  princi- 
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pies  of  plants:  i,  oxygen;  2,  hydrogen;  35  nitrogen  j 
4,  carbon;  5,  lime;  6,  iron  ; 7,  manganefe. 

§ DCCCXXV.  Thefe  fimple  fubftances,  combined 
in  various  proportions,  conftitute,  according  to  Mr. 
Lavoifier,  all  vegetable-bodies.  Thus  oils  confift  of 
hydrogen  and  carbon,  which  bodies  being  combined 
in  different  proportions  with  nitrogen,  and  a fmall 
portion  of  oxygen,  form  the  faccharine  fubllances, 
gums,  mucilages,  See,  which  Lavoifier  confiders  as 
true  oxides.  If  more  oxygen  be  prefent,  they  be- 
come various  vegetable  acids. 

CX.  OF  FERMENTATION  IN  GENERAL. 

5 DCCCXXVI.  That  change  which  under  certain 
circumftances  the  parts  of  vegetables  fpontaneoufly 
undergo,  and  without  any  degree  of  artificial  heat, 
and  by  which  their  chemical  properties  are  greatly 
altered,  is  termed  fermentation,  which,  according  to 
the  difference  of  its  produQs,  is  divided  into  three 
fpecies,  viz.  into  the  fpirituous  fermentation,  where- 
by alcohol  is  produced;  into  the  acid  fermentation, 
which  forms  radical  vinegar;  and  into  the  putrid  fer- 
mentation, which  generates  ammoniac. 

CXI.  OF  THE  SPIRITUOUS  FERMENTA- 
TION. 

§ DCCCXXVII.  Not  all  the  parts  of  plants  ar« 
adapted  for  fpirituoiilfeermentation,  but  fuch  only 
which  poffefs  faccharine  matter,  or  mucilage,  in  greater 


quantity.  The  other  conditions  requifite  for  this 
fermentation  are  : 

1.  A certain  degree  of  liquidity ; for,  if  the  juices 
of  plants  be  either  too  fluid  or  too  thick,  their  fer- 
mentation becomes  difficult. 

2.  A temperature  of  about  15  degrees. 

3.  A mafs  fomewhat  confiderable,  for  the  procefs 
does  not  proceed  fo  well  when  the  quantity  to  be  fer- 
mented is  but  fmall. 

4.  The  prefence  of  atmofpheric  air,  at  lealt  to  a 
certain  degree. 

§ DCCCXXVIII.  If  the  frefh  juices  of  vegeta- 
bles begin  to  ferment,  under  thefe  circumftances,  an 
intefline  motion  is  obferved,  which  conftantly  in- 
creafes  until  the  procefs  has  arrived  at  its  highefl 
pitch.  At  the  fame  time  the  liquor  is  proportionably 
expanded,  and  its  temperature  fpontaneoufly  raifed 
to  about  20**.  The  liquor  then  becomes  turbid,  and 
evolves  a confiderable  quantity  of  carbonic  acid  gaz, 
which,  if  undifturbed,  refts  as  a diftin6i  ftratum  on 
the  furface  of  the  liquor.  All  thefe  phenomena  gra- 
dually fubfide;  the  liquor  acquires  its  former  limpi- 
dity, and,  having  now  obtained  an  intoxicating  qua- 
lity, is  called  wine. 

5 DCCCXXIX.  Although  the  juice  of  any  vege- 
table,. which  contains  a certain  quantity  of  faccharine 
matter,  be  fit  for  fpirituous  fermentation,  and  will 
produce  a fpecies  of  wine,  yet,  for  economic  ufes, 
we  generally  employ  the  following  fubftances  only  *. 
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1.  The  juice  of  grapes,  from  which  wine?  properly 
fo  termed,  is  prepared. 

2.  The  juice  of  apples  and  pears,  which  produces 
cider  and  perry. 

3.  Barley,  from  which  ale  is  made, 

4.  Honey,  whence  hydromel. 

5.  Cherries. 

6.  Darnfons. 

7.  Rice. 

8.  Sugar. 

The  four  former  kinds  are  drank  entire,  but  of  the 
latter  the  fpirit  only. 

§ DCCCXXX.  The  principal  conftituents  of  all 
wines  are  a peculiar  volatile  fluid  called  alcohol,  a 
fait  called  tartar,  and  an  extrafl  of  gum-refin,  which 
communicates  to  the  wine  its  colour,  and,  in  fome 
meafure,  its  flavour. 

5 DCCCXXX  I.  To  feparate  the  alcohol  from 
the  other  component  parts  of  wine,  any  quantity  of 
fermented  liquor  is  diftilled  on  the  water-bath,  or  by 
a gentle  heat,  when  the  fpirit  will  come  over  into 
the  receiver,  in  the  form  of  a colourlefs  fluid. 
During  this  firfl;  diflillation,  efpecially  if  the  fire  be 
fomewhat  ftrong,  the  alcohol  will  contain  water  and 
fome  etherial  oil,  from  which  it  may  be  feparated  by 
a fecond  careful  diflillation  on  the  water-bath. 

§ DCCCXXXII.  The  wine  which  remains  after 
the  feparation  of  the  alcohol  has  lofl  all  odour,  and 
acquired  an  acid,  bitter,  and  ungrateful  flavour.  It 
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confifts  of  tartar,  gummy,  refinous,  and  colouring 
particles,  and  furnifhes,  by  proper  evaporation,  a 
true  extraä  of  wine. 

§ DCCCXXXIII.  Various  methods  are  employed 
for  afcertaining  the  purity  of  alcohol; among  others, 
it  deflagrated  by  itfelf,  when  it  ought  to  leave  no 
water;  or  it  is  fet  on  fire  over  gunpowder,  which  ought 
to  be  inflamed  by  it:  But  all  thefe  methods  are  in  a 

great  meafure  fallacious,  as  they  partly  depend  upon 
the  proportionate  quantity  of  alcohol  employed.  A 
better  way  of  examining  alcohol  is  by  means  of  dry 
pot-afh,  which,  at  the  fame  time  that  it  attraBs  the 
water  from  the  alcohol,  does  not  enter  into  combina- 
tion, but  remains  as  a peculiar  ftratum  at  the  bottom. 
But  its  examination  by  an  aerometer  is  the  raoft  pre- 
ferable method  of  all. 

5 DCCCXXXIV.  Pure  alcohol  is  a tranfparent 
colourlefs  liquor,  of  a hot  acrid  tafle  and  agreeable 
fmell;  but  which  has  fomething  peculiar,  according  to 
the  fubftances  from  which  it  is  prepared.  It  cannot 
be  congealed  at  any  known  temperature.  Its  fpecific 
gravity  is  0.8293.  It  evaporates  in  clofe  veffels 
without  decompofition,  and  inflames  in  contact  with 
the  atmofphere,  when  it  burns  with  a blue  flame,  and 
produces  neither  fmoke  nor  carbon.  Water  and  a 
little  carbonic  acid  are  the  only  produQs  of  its  com- 
buflion. 

5 DCCCXXXV.  Alcohol  combines  with  water  in 
any  proportion ; nay,  fuch  is  its  affinity  for  it,  that 
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many  neutral  falls,  which  alcohol  cannot  diffolvc, 
are  precipitated  by  it  from  their  folution  in  water, 
juft  as  other  fubflances  diflblved  in  alcohol  are 
precipitated  by  water.  Of  this  kind  is  the  lac  vir- 
ginis,  which  confifts  of  the  tindure  of  benzoin  and 
water. 

§ DCCCXXXVI.  Alco];iol  is  not  known  to  have 
any  aftion  upon  metals  or  earths.  It  dilfolves  fome 
neutral  falts,  whiift  others  are  unaffefted  by  it.  The 
fixed  cauftic  alkalis  enter  into  combination  with  it, 
and  if  cauftic  pot-afh  be  digefted  for  fome  time  upon 
alcohol,  we  obtain  a brown  folution,  which,  in  phar- 
macy, is  called  tin8:ure  of  pot-afli.  The  bell  alco- 
hol diflblves  in  this  way  0.187  parts  ofcauHic  pot-afh. 

§ DCCCXX-XVII.  Cauftic  ammoniac  is,  in  like 
manner, Soluble  in  alcohol.  This  folution  is  com- 
monly termed  vinous  fpirit  of  fal  ammoniac.  It  is 
beft  prepared  by  the  dired  mixture  of  concentrated 
fpirit  of  cauftic  fal  ammoniac  (J  CCXXXVI.)  with 
alcohol,  or  by  pouring  fpirit  of  wine,  inftead  of  al- 
cohol, into  Woulf ’s  apparatus,  during  the  formation 
of  the  former. 

• § DCCCXXXVIII.  UnQuous  fpirit  offal  am- 
moniac is  formed  by  the  folution  of  an  etherial  oil 
in  the  vinous  fpirit  of  fal  ammoniac;  fuch  is  the  fpirit 
of  fal  ammoniac  prepared  with  the  oil  of  lavender, 
commonly  termed  Aqua  anodyna.  If  feveral  oils  be 
ufed,  it  is  called  Sal  volatilis  oleofus. 


i 


283 

{ DCCCXXXIX.  Mild  ammoniac  is  altogether 
infpluble  in  alcohol,  but  it  is  precipitated  by  alcohol 
from  its  faturated  aqueous  folution.  Hence,  if  equal 
parts  of  concentrated  fpirit  of  fal  ammoniac  be  mixed 
with  pure  alcohol,  a white  glacial  cryftalline  mafs 
will  be  obtained,  commonly  called  Offa  Helmontiana, 
or  Sapo  chymicus,  which  gradually  deliquefces  on  ex- 
pofure  to  the  atmofphere,  and  is  then  diftinguifhed 
from  diluted  vinous  fpirit  of  fal  ammoniac  by  the 
mild  ftate  of  the  ammoniac  only. 

§ DCCCXL.  Almoft  all  acids  a8;  upon  alcohol, 
and  thus  produce  remarkable  phenomena.  If  an 
equal  portion  of  concentrated  fulphuric  acid  be 
poured  upon  pure  alcohol  in  a glafs  retort,  a confi- 
derable  degree  of  heat  is  produced,  and  vapours, 
very  grateful  to  the  fmell,  are  dilTipated.  If  the  mix- 
ture be  then  boiled  by  the  heat  of  a fand-bath,  ^on- 
ne6led  with  Woulfs  or  any  other  large  receiver, 
we  fliall  obtain  the  following  produHs  : 

1.  An  agreeably-fcented  alcohol,  in  part  united 
with  the  following  produ61. 

2.  A peculiar  liquor,  known  by  the  name  of  vi- 
triolic or  fulphuric  ether. 

3.  Volatile  fulphuric  acid,  with  a fmall  quantity 
of  a yellow  oil,  which  is  called  the  fweet  oil  of  wine. 

The  fire  being  now  increafed,  the  whole  mixture 
paffes  over  into  the  receiver  as  a fpongy  and  dark 
coloured  mafs,  but,  if  the  heat  be  carefully  pro- 
tra0:ed,  a dry  refinous  fubftance  will  remain  in  the 
retort. 
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^ DCCCXLL  As  by  frequently  opening  the  join« 
ings  much  of  the  ether  is  loft,  it  is  cuftomary  to  obtain 
the  two  former  produQs  in  the  fame  receiver,  and 
then  to  feparate  the  volatile  ether  from  the  alcohol, 
by  repeated  diftillaiion  over  the  heat  of  a lamp.  In 
this  cafe,  a fmall  quantity  of  pot-afh  is  previoiifty 
added  to  the  mixture,  to  arreft  any  fulphureous  acid 
that  may  be  prefent. 

^ DCCCXLII.  Ether  is  a moft  volatile  and  in- 
flammable fluid,  very  agreeable  to  the  fmell,  and  of 
an  acrid  burning  tafte.  Such  is  its  volatility,  that, 
even  under  the  common  temperature  of  the  atmof- 
pberc,  it  changes  into  a very  inflammable  gaz,  whofe 
fpecific  gravity  is  greater  than  that  of  atmofpheric 
air.  Its  combuftion  is  at  all  times  attended  by  the 
produ6tion  of  loot  and  of  carbonic  acid. 

5 DCCCXLIII.  One  part  of  ether  is  foluble  in 
ten  parts  of  water,  which,  being  thus  faturated,  the 
remaining  ether  fwims  upon  the  furface  like  etherial 
oil.  It  does  not  acl  upon  earths  or  fixed  alkalis,  but 
it  unites  with  ammoniac  in  any  proportion.  It  com- 
bines with  gold,  difiblved  in  the  nitro-muriatic  acid. 
It  a61s  upon  etherial  oils  and  refins  like  alcohol,  and 
is  the  heft  menftruum  of  elaftic  gum. 

DCCCXLIV.  By  the  union  of  about  an  equal 
portion  of  alcohol  and  ether,  a liquor  is  produced 
called  Hoffman’s  anodyne  liquor.  To  prepare  it  in 
a more  economical  way,  one  part  of  fulphuric  acid 
is  poured  upon  three  parts  of  alcohol,  and  diftilled 


by  a gentle  heat,  as  before,  till  fulpbureous  acid  va- 
pours begin  to  come  over.  If,  by  the  inattention  of 
the  operator,  any  of  tbefe  pafs  over  into  the  receiver, 
the  liquor  obtained  muft  be  re-diftilled  with  a fmall 
portion  of  pot-afh.  The  above-mentioned, mixture 
is  alfo  prepared  without  diftillation,  when  it  is  called 
dulcified  elixir  of  vitriol,  or  Rabel’s  water. 

{ DCCCXLV.  The  nitric  acid  a£ls  even  more 
readily  and  more  powerfully  upon  alcohol  than  the 
fulphuric  acid.  If  equal  parts  of  fuming  fpirit  of 
nitre  and  alcohol  be  mixed,  tlie  heat  of  the  mixture 
fpontaneoufly  increafes  to  ebullition,  and  at  firll  a 
gazeous  fluid  of  a grateful  fmell,  termed  ether  of 
nitre,  is  evolved ; this  is  fucceeded  by  a confider- 
able  quantity  of  nitrous  gaz,  and  a fmall  portion  of 
an  acid  liquor  remains,  which,  when  evaporated, 
produces  a fait,  formerly  termed  Hierne's  cryftals, 
and  is  a true  acid  of  fugar. 

§ DCCCXLVI.  Hence  ether  of  nitre  is  but  with 
great  difficulty  obtained  in  a liquid  ftate.  The  fol- 
lowing method,  however,  is  moil  to  be  recommended: 
a tubulated  retort,  placed  on  a fand-bath,  is  connefted 
with  fome  of  Woulf’s  receivers;  two  parts  of  nitre, 
previoufly  dried,  are  then  put  into  the  retort  and 
gradually  affufed  with  two  parts  of  a mixture  of  equal 
parts  of  fulphuric  acid  and  alcohol.  Thus  the  nitre 
is  decompounded,  and  thd  fuming  and  gazeous  ni- 
trous acid,  combined  with  alcohol  in  the  form  of 
ether  of  nitre,  paffes  over  into  the  receivers,  where 
it  is  obferved  to  float  upon  the  furface  of  an  acidu- 
lous liquid. 
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§ DCCCXLVII.  Nitrous  ether  is  always  of  a 
yellow  hue,  and  poflelTes  all  the  properties  of  ful- 
phuric  ether,  except  that  its  tafte  is  more  acrid. 
Combined  with  alcohol,  it  forms  the  fweet  fpirit  of 
nitre,  which  is  generally  prepared  in  the  following 
manner:  either  one  part  of  aqua  fords  and  four 
parts  of  alcohol,  or  one  part  of  fuming  fpirit  of 
nitre  and  twelve  parts  of  alcohol,  are  diftilled  from 
a glafs  retort  into  a common  receiver,  until  the  liquor 
• which  paffes  over  becomes  fomewhat  acid.  In  the 
retort  there  remains  a little  acid  of  lugar.  When 
the  fweet  fpirit  of  nitre  is  properly  prepared,  it  ought 
not  to  effervefce  with  mild  alkalis,  which  would  be 
a fign  of  its  containing  free  nitrous  acid,  cither  from 
age,  or  from  its  being  prepared  in  an  improper  *■ 
manner. 

§ DCCCXLVIIL  The  action  of  common  muri- 
atic acid  upon  alcohol  is  not  confiderable,  and  if  even 
to  parts  of  alcohol,  mixed  with  one  part  of  concen- 
trated muriatic  acid,  be  diftilled  by  a moderate  heat, 
ftill  the  produ8:  is  merely  a kind  of  fweet  fpirit  of 
fait,  which  always  poflelTes  an  acidulous  and  acrid 
tafte.  In  order,  therefore,  to  prepare  it  of  a better 
kind,  or,  indeed,  to  obtain  muriatic  ether,  we  have 
adopted  various  methods,  but  all  of  which  require 
that  the  muriatic  acid  fhould  be  previoufly  changed 
^ into  the  oxygenated  ftate.  The  following  method 
feems  to  be  the  beft : let  five  parts  of  concentrated 
muriatic  acid  and  three  parts  of  alcohol  be  affufed 
. upon  parts  of  common  oxide  of  manganefe  in  a 
retort,  which  is  to  be  placed  on  a fand-bath  and  con- 
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neüed  with  Woulfs  receivers,  the  lall  jar  of 
which  ought  to  contain  a fmall  portion  of  alcohol. 
After  the  diftillation  is  concluded  by  a gentle  heat, 
you  obtain  the  real  fweet  fpirit  of  fait,  which,  mixed 
with  an  acidulous  liquor,  collects  in  the  empty  re- 
ceiver, while  the  alcohol,  contained  in  the  laft  re- 
ceiver, on  account  of  the  attraöion  of  etherial  gaz, 
is,  in  like  manner,  changed  into  a weak  fweet  fpirit  of 
fait.  By  diftillation  with  a fmall  quantity  of  pot-aih, 
not  only  fweet  fpirit  of  fait  but  even  true  muriatic 
ether  may  be  obtained  from  the  firft  liquor,  on 
which  occafion  a fmall  portion  of  heavy  etherial  oil 
is  feparated  in  the  fame  manner  as  in  the  preparation 
of  fulphuric  ether. 

§ DCCCXLIX.  Almoft  all  the  other  known  acids 
aB;  upon  alcohol  in  nearly  the  fame  manner  as  the 
three  mineral  acids  above-mentioned,  whence  arifes 
acetic  ether,  oxalic  ether,  formic,  ether,  See,  which, 
in  a great  meafure,  agree  in  their  chief  properties 
with  thofe  already  mentioned. 

J DCCCL.  The  theory  of  the  formation  of  ether, 
and  its  chemical  compofition,  is  as  yet  obfeure,  al- 
though from  the  phenomena  with  which  we  are 
acquainted,  it  is  very  probable  that  the  oxygen  of  the 
acids,  united,  either  entirely  or  in  part,  with  the 
alcohol,  tends  chiefly  to  the  formation  of  thefe  li- 
quids. 

§ DCCCLL  Alcohol  combines  very  readily  with 
the  aroma  of  plants,  with  which  it  feans  to  have  a 
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greater  affinity  even  than  water  and  ethcrial  oilö^ 
Hence,  if  vinous  fpirit  be  diftilled  upon  aromatic 
parts  of  vegetables,  it  becomes  impregnated  with 
their  aroma,  and  is  then  called  aromatic  fpirit.  But 
if  a mixture  of  water  and  fpirit  of  wine,  or  wine 
only,  be  employed  in  this  operation,  the  fluid  ob- 
tained, in  which  the  aroma  is  diflblved,  both  in  the 
water  and  fpirit  of  wine,  is  called  vinous  diftilled 
water.  Both  may  be  either  Ample  or  compound, 
according  as  one  or  more  fpecies  of  plants  are  em- 
ployed. 

§ DCCCLII.  Aromatic  fpirits  are  beft  prepared 
on  the  water-bath;  but  even  in  this  cafe  the  diftilla- 
tion  fliould  not  be  extended  to  drynefs,  becaufe 
the  laft  produQs  are  frequently  lefs  agreeable  to 
the  fmell  than  the  firft.  Befides,  the  quality  of 
this  fpirit  depends,  in  a great  meafure,  upon  the 
purity  of  the  alcohol ; nor  do  fuch  as  are  newly 
prepared  poffefs  that  agreeable  flavour  which  the 
older  and  better  preferved  fpirits  are  remarkable 
for. 

CXII.  OF  TARTAR. 

5 DCCCLIII.  Tartar,  as  it  is  obtained  from  the 
fpontaneous  depofit  of  wine,  is  alloyed  v»^ith  much 
extraflive  and  colouring  matter,  from  which  it  is 
purified  by  decoftion  v/ith  fat  argillaceous  earths,  and 
by  fubfequent  cryftaliization.  When  thus  treated,  it 
becomes  peife8:ly  white,  and  (hoots  into  cryftals  of 
a tetraedral  pyramidal  form,  called  cryftals  or  cream 
of  tartar. 
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§ DCCCLIV.  Tbefe  cryftals  of  tartar  are  a neutral 
acidulous  fait,  confifting  of  a peculiar  acid,  the 
acid  of  tartar,  and  pot-afh.  It  is  foluble  in  28 
or  30  parts  of  boiling  water,  and  cryilallizes  again 
during  refrigeration.  If  this  fait  be  completely  fa- 
turated  with  pot-afli,  a neutral  fait  is  formed,  the 
cryftals  of  which  are  tetraedral  columns,  deliquef- 
cent  in  the  atmofphere,  called  tartrite  of  pot-afti. 

§ DCCCLV.  But  if  the  acid  of  tartar  be  fatu- 
rated  with  foda,  we  ftiall  obtain  a compound  neutral 
fait,  which  fhoots  into  large  cryftals,  and  efflorefees 
in  the  atmofphere,  viz.  the  tartrite  of  foda. 

5 DCCCLVI.  When  completely  faturated  with 
ammoniac,  it  forms  a neutral  fait,  which  fhoots  into 
rhomboidal  cryftals,  unchangeable  in  atmofpheric  air^ 
termed  tartrite  of  ammoniac. 

, $ DCCCLVII.  To  obtain  the  pure  tartareous 

acid  from  tartar,  we  proceed  in  the  following  man- 
ner.  The  fuperabundant  acid  of  a boiling  folution 
of  tartar  is  faturated  with  pure  chalk,  by  which 
means  we  obtain  an  earthy  fait,  infoluble  in  water^ 
which  is  feparated  by  filtration  from  the  remaining 
liquid,  now  confifting  of  mere  tartrite  of  pot-afh. 
This  calcareous  tartrite  is  afterwards  digefted  with 
diluted  fulphuric  acid,  and  the  acid  of  tartar  is  fepa- 
rated by  filtration  from  the  fulphate  of  lime.  This 
Itrained  lixivium  affords,  by  refrigeration  and  eva- 
poration, regular  tetraedral  columnar  cryftals  of  a 
pleafant  acid  tafte. 
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§ DCCCLVIIl.  If  the  cryftals  of  tartar  be  diftil- 
led  by  a ftronger  heat,  without  any  additional  body, 
they  furnifh  an  cmpyreumatic  acid,  called  the  pyro- 
tartareous  acid,  or  fpirit  of  tartar,  and  a very  fetid 
empyreiimatic  oil.  In  the  retort  their  remains  a 
coal  which  already  contains  a great  deal  of  pot- 
afh;  but  the  allies  of  this  coal  contain  a ftili 
greater  quantity  of  pot-afn,  fcarcely  any  earth,  and 
no  neutral  falts.  This  mild  pot-afli,  when  freed  from 
its  earthy  particles,  is  generally  called  fait  of  tartar, 
and,  when  liquefied  in  the  atmofphere,  oil  of  tartar. 

CXIII.  OF  THE  ACID  FERMENTATION. 

f DCCCLIX.  All  bodies  which  have  undergone 
the  firft  or  fpirituous  fermentation  are  capable  of 
palling  on  to  the  fecond,  or  acid  fermentation ; but, 
although  it  be  probable  that  the  acid  fermentation 
never  takes  place  before  the  body  has  gone  through 
the  fpirituous  fermentation,  yet  the  duration  of  the 
firft  is  frequently  fo  fliort  and  imperceptible,  that  it 
cannot  be  afeertained.  Befides  the  bodies  which  are 
proper  for  fpirituous  fermentation,  this  clafs  includes 
all  forts  of  feculae  boiled  in  w^ater. 

§ DCCCLX.  The  conditions  required  for  the  acid 
fermentation  are  : 

1.  A heat  from  20  to  25  degrees  of  Rcamur. 

2.  A certain  degree  of  liquidity. 

3.  The  prefence  of  atmofpheric  air. 

4.  A moderate  quantity  of  fermentable  matter. 

The  phenomena  which  accompany  this  fermentation 

are  an  inteftine  motion  and  a conftderable  abforption 
of  air.  The' tranfparent  liquor  becomes  turbid,  but 
regains  its  limpidity  when  fermentation  is  over. 


§ DCCCLXI.  The  fermented  liquor  confifts 
in  a great  meafure,  of  a peculiar  acid,  called  the  ace- 
tous acid  or  vinegar.  Not  a veftige  of  alcohol  re- 
mains, it  being  entirely  decompounded ; but  the 
greater  the  quantity  of  alcohol  in  the  liquor,  pre- 
vious to  the  fermentation,  the  greater  will  be  the 
quantity  of  true  vinegar  obtained.  The  vinegar  is 
always  of  a deeper  colour  than  the  wine,  and  corrupts 
when  kept  for  a long  time  in  a warm  place. 

§ DCCCLXII.  Vinegar  is  concentrated  by  freez- 
ing. The  acid  of  vinegar  itfelf  does  not  freeze,  but 
the  water  only.  If,  therefore,  the  ice  be  feparatecj 
from  the  remaining  liquid,  a much  ftronger  vinegar 
will  be  obtained.  According  to  this  method,  how- 
ever, the  acetous  acid  is  not  purified,  that  is,  feparated 
from  its  colouring  and  extraflive  matter. 

§ DCCCLXIII.  If  vinegar  be  diftilled  from  a 
retort,  by  a fire  gradually  increafed,  at  firft  an  acidu- 
lous phlegm  comes  over,  which  is  fucceeded  by  a 
flronger  acid  of  an  agreeable  odour,  called  diftilled 
vinegar.  This  continually  increafes  in  ftrength,  but 
becomes  foon  tainted  with  an  empyreumatic  fmell. 
To\yards  the  conclufion  of  the  operation,  we  obtain 
a very  ftrong  acetous  acid,  an  empyreumatic  oil,  and 
a little  mild  ammoniac, 

§ DCCCLXIV.  This  acetous  acid  is  colourlefs, 
and  has,  for  the  moft  part,  a flight  empyreumatic 
fmell.  When  completely  faturated  with  pot-alh,  it 
forms  a neutral  fait,  the  terra  foliata  tartari,  properly 
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termed  acetite  of  pot-afh.  For  this  purpofb,  we  boil 
an  aqueous  folution  of  pure  pot-afh  in  a glafs  or  tin 
veffel,  and  add  diftilled  vinegar  till  eflPervefcencc 
ceafes,  and  even  fomewhat  longer.  This  lixi- 
vium being  then  carefully,  and  by  degrees,  evapo- 
rated to  drynefs,  a white  and  foliated  fait  is  obtained, 
viz.  the  acetite  of  pot  afh,  which  deliquefces  in  the 
atmofphere,  when  it  forms  what  is  called,  in  phar- 
macy, liquor  of  the  foliated  earth  of  tartar. 

§ DCCCLXV.  As  even  a moderate  heat  is  apt 
to  burn  the  diftilled  vinegar,  and’  to  caufe  the 
acetite  of  pot-afli  to  affume  a yellow  or  brown 
colour,  and  as,  for  medicinal  purpofes,  this  fait  is 
generally  prepared  from  common  vinegar,  when  it. 
retains  all  the  colouring  and  extraQive  matter,  va- 
rious methods  have  been  propofed  to  deprive  it  of 
its  brown  colour.  The  principal  of  thefe  are,  i,  the 
fait,  previoufly  dried,  is  fufed,  and  continually 
agitated  in  an  earthen,  or,  which  is  preferable,  a 
filver  veifel,  till  the  vapours  emitted  from  it  in- 
ilame,  when  the  fait  is  again  diffolved,  filtrated, 
and,  after  adding  a fmall  portion  of  diftilled  vinegar, 
carefully  evaporated:  2,  the  lixivium  to  be  evapo- 
rated is  mixed  with  powdered  charcoal,  and  not 
filtrated  till  it  becomes  almoft  dry,  when  it  is  eva- 
porated to  drynefs  on  the  water-bath. 

§ DCCCLX  VI.  TJie  foliated  earth  of  tartar  is  of  a 
tafte  fomewhat  acrid,  and  eagerly  attrafts  humidity 
from  the  atmofphere.  It  is  readily  diffolved  in  an 
equal  portion  of  cold  and  hot  water;  and  if  the 
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folution  be  evaporated  to  the  confidence  of  fyrup,  and 
then  cooled,  cryftals  in  the  form  of  fmall  needles  will 
be  obtained.  It  is  alfo  perfectly  foluble  in  fpirit  of 
wine,  and  requires  two  parts  of  alcohol  for  entire 
folution. 

J DCCCLXVII.  From  the  combination  of  dif- 
tilled  vinegar  and  foda,  a neutral  fait  is  formed, 
which  fhoots  into  columnar  cryftals,  not  deliquef- 
cent,  but  efflorefcent  in  the  atmofphere,  called  acetite, 
of  foda,  or  dry  foliated  earth  of  tartar.  It  is  pre- 
pared in  the  fame  manner  as  the  former.  This  fait 
is  alfo  very  foluble  in  fpirit  of  wine,  and,  like  acetite 
of  pot-afh,  is  decompounded  by  the  mineral  acids  and 
by  fire.  The  acids  feparate  the  acetous  acid  in  a 
very  concentrated  date,  or  as  radical  vinegar, 
(5DCCCLXXIII.)  But  fire  decompofes  the  acid 
itfelf,  which  pafles  off  in  the  form  of  hydrogen  and  car- 
bonic acid  gaz  and  ammoniac. 

5 DCCCLXVIII.  Diftilled  vinegar,  when  faturated 
with  ammoniac,  forms  a neutral  faline  liquid,  which 
is  named  acetite  of  ammoniac,  or  Spirit  of  Minde- 
rerus.  To  obtain  it  in  the  mod  concentrated  date, 
it  is  bed  to  faturate  very  ftrong  diftilled  vinegar 
with  dry  mild  ammoniac.  The  cryftallization  of  this 
acetite  of  ammoniac  is  extremely  difficult.  If  it  be 
diftilled  by  itfelf  from  a retort,  it  fublimes  at  lad  in 
the  form  of  a white  faline  cruft,  which  is  acetite  of 
ammoniac  in  a dry  date. 

§ DCCCLXIX.  The  acid  of  vinegar  combines 
with  all  the  alkaline  earths,  and  thus  generates  pecu- 
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liar  earthy  falts,  all  of  which  are  very  foluble  in 
water,  fcarcely  cryftallizable,  deliquefcent  in  the  at- 
mofphere,  and  decompoundable  by  fire.  In  like 
manner  the  acid  of  vinegar  afts  upon  mofl  metals, 
either  in  a metallic  or  oxided  (late,  and  forms  with 
them  peculiar  metallic  falts,  of  which  the  following 
are  the  principal. 

^DCCCLXX.  Popper,  in  its  metallic  flate,  but 
much  more  readily  in  the  ftate  of  oxide,  is  diffolved 
in  vinegar.  The  metallic  copper  is  at  firfl:  only  cor- 
roded or  oxided  by  the  vinegar,  which  operation 
is  performed,  in  the  fouth  of  France,  by  ftratifying 
the  hulks  of  grapes,  in  a ftate  of  fermentation,  with 
plates  of  cbpper.  The  green  oxide  of  copper,  fcraped 
from  the  plates,  is  known,  in  commerce,  by  the 
name  of  verdegris,  and  contains  but  little  acetite  of 
copper. 

§ DCCCLXXI.  This  oxide  is  very  readily  and 
^pcrfeftiy  diffolved  in  diftilled  vinegar,  and  forms  a 
blue  folution,  which,  by  evaporation  and  cooling, 
.dcpofits  beautiful  green  cryftals  of  a tetraedrai,  pyra- 
midal, and  truncated  form,  termed  diftilled  verdigris, 
or  acetite  of  copper. 

§ DCCCLXXI  I.  The  acetite  of  copper  has  a very 
ftiptic  tafte  ; it  is  perfectly  foluble  in  fpirit  of  wine ; 
alfo  in  five  parts  of  boiling  water.  On  expofure  to 
the  atmofphere  it  becomes  a pale  green  powder.— 
It  is  decompounded  by  alkaline  falts  anc}  earths, 
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which  precipitate  the  copper  in  the  Rate  of  a green 
oxide,  except  ammoniac,  which  immediately  dilfolves 
the  precipitate. 

^DCCCLXXIIL  If  the  acetite  of  copper,  re- 
duced to  powder,  be  diftilled  from  a retort,  we  ob- 
tain, in  the  firft  place,  the  water  of  cryftallization, 
which  is  fucceeded  by  a colourlefs,  limpid,  highly 
concentrated  acid,  of  a ftrong,  acrid,  acetous  fmell, 
called  radical  vinegar.  If'  the  fire  be  not  too  ftrong 
towards  the  end  of  the  operation,  there  remains 
in  the  retort  a brown  powder,  which  is  copper  in 
a metallic  ftate,  and  of  the  nature  of  pyrophori.— 
As  the  radical  vinegar  contains  frequently  a lit- 
tle copper,  we  commonly  reflify  it  by  re-diftilla- 
tion  over  a gentle  fire,  but  not  extended  to  dry- 
nefs. 

5 DCCCLXXIV.  Radical  vinegar  difters  eften- 
tially  in  many  of  its  properties  from  common  diftil- 
led  vinegar,  arid  is  confidered  by  modern  Chemifts 
as  perfe8;  acid  of  vinegar,  or  the  acetic  acid,  whilft 
common  diftilled  vinegar  is  confidered  as  iinperfefl 
acid  of  vinegar,  or  acetpus  acid.  This  opinion  is 
confirmed  by  the  phenomena  attending  its  prepara- 
tion. 

{DCCCLXXV,  Radical  vinegar  is  very  acrid, 
cauftic,  and  fo  volatile,  that  it  evaporates  at  the 
common  temperature  of  the  atmofphere.  The  va- 
pours which  it  emits,  v/hen  heated,  are  inflamma- 
blcj  and  on  this  occafion  the  vinegar  itfelf  feeras  to 
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burn.  It  forms  with  alkalis  and  alkaline  earths  pecu- 
liar neutral  falts,  which  are  different  from  thofe  ge- 
nerated by  common  vinegar.  When  properly  diltil- 
led  with  alcohol,  it  produces  acetic  ether. 

§ DCCCLXXVI.  Lead,  in  its  metallic  ftate,  but 
more  readily  in  its  ftate  of  oxide,  is  foluble  in  diftil- 
led  vinegar,  which  folution  is  termed  acetite  of  lead. 
For  medical  purpofes,  this  fubflance  is  prepared  by 
diffolving  litharge  to  the  point  of  faturation,  in  good 
common  vinegar,  which  folution,  evaporated  to  the 
confluence  of  fyrup,  is  called  extract  of  lead. 

§ DCCCLXXVIL  If  thin  plates  of  lead  be  ex- 
pofed  to  the  vapours  of  vinegar,  they  are  covered  with 
a white  powder,  which  being  fcraped  off  is  called 
cerufe  or  white  lead ; this  ccrufe  is  not  acetite  of  lead, 
but  carbonate  of  lead  only.  When  diffolved  to  the 
point  of  faturation  in  diftilled  vinegar,  it  becomes 
acetite  of  lead,  which,  by  evaporation  and  cooling, 
depofits  fmall,  white,  acicular,  or  tetraedral  prifmatic 
cryftals,  viz.  acetite  of  lead,  or  fugar  of  lead. 

§ DCCCLXXVIII.  Acetite  of  lead  is  of  a fweet 
ftyptic  taste,  and  falls ‘to  powder  on  expofure  to  the 
atmofphere.  It  is  perfectly  foluble  in  water  and  fpirit 
of  wine,  requiring  about  equal  parts  of  each,  under 
the  common  temperature  of  the  atmofphere.  It  is 
decompoundable  by  fire,  and  by  alkaline  earths  and 
falts.  Fire  expels  the  acid  partly  undecompounded, 
but  the  latter  precipitate  the  lead  in  the  form  of  a 
white  oxide.  It  is  alfo  decompounded  by  the  nitric 
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and  fulphuric  acids,  and  by  the  alkaline  and  earthy 
fulphates.  The  fulphuric  acid  difengagcs  the  acid  in 
the  ftate  of  radical  vinegar. 

§ DCCCLXXIX.  Sulphurets,  and  water  con- 
taining fulpburated  hydrogen  gaz,  decompound  ace- 
tite  of  lead,  when  the  fulphur,  together  with  the  lead, 
is  precipitated  in  the  form  of  a dark  brown  powder. 
Sulphurets,  or  rather  fulphurated  hydrogen  gaz,  is, 
therefore,  very  ufeful  in  detefting  the  adulteration  of 
wines  with  fugar  of  lead.  For  this  purpofe  it  is  beft 
to  ufe  water  impregnated  with  fulphurated  hydrogen 
gaz,  according  to  the  following  method  of  Hahne- 
mann. Equal  parts  of  powdered  oifler-lhells  and 
fulphur  are  mixed  and  heated  to  candefcence,  for  the 
fpace  of  12  minutes,  in  a covered  crucible.  The 
whitifli  grey  powder,  or  fulphuret  of  lime,  thus  ob- 
tained, is  then  kept  for  ufe  in  a bottle  well  corked. 
Now,  if  we  wifh  to  prove  the  quality  of  wine,  we  put 
two  drams  of  this  powder  into  a bottle  with  feven 
drams  of  cryllals  of 'tartar,  finely  powdered,  and 
affufe  i6  ounces  of  pure  cold  water;  the  bottle  is 
then  agitated  for  about  lo  minutes,  and  the  liquor 
fuffered  to  depofit  its  fediment.  If  a table  fpoonfull  of 
the  clear  liquor  be  now  poured  upon  four  or  fix 
ounces  of  the  wine  to  be  examined,  a precipitate 
more  or  lefs  black  will  follow,  if  the  wine  be  adulte- 
rated with  lead. 

§ DCCCLXXX.  The  acetous  acid  has  but  a weak 
aflion  upon  mercury  when  in  the  ftate  of  metal,  but 
if  oxide  of  mercury,  (J  DXXXV.)  or  the  yellow  pre* 
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dpi  täte  of  this  metal  (J  D XX  XIX.)  be  boiled  with 
vinegar,  a folution  is  formed,  which,  on  cooling, 
affords  fmall  fcaly  cryftals  'of  a filver  fplendour, 
termed  acetite  of  mercury,  or  terra  foliata  mercuria- 
lis.  This  fait  is  more  readily  prepared,  by  adding  a 
folution  of  the  foliated  earth  of  tartar  to  a nitric  acid 
folution  of  mercury  3 for  the  nitric  acid  combines  with 
the  pot-afli,  and  forms  nitre,  whilft  the  acetous  acid 
unites  with  the  mercury,  and  is  precipitated  in  the 
form  above  mentioned.  This  neutral  fait  is  diffi- 
cultly foluble  in  cold  water,  but  more  eafily  in  boil- 
ing water.  Too  great  a portion  of  water,  however, 
decompofes  it,  and  precipitates  a yellow  calx.  It  is 
likewife  decompounded  by  fire  and  alkalis. 

§ DCCCLXXXI.  Regulus  of  antimony,  in  like 
manner,  is  only  a8ed  upon  By  vinegar  when  in  an 
oxided  ftate,  and  by  the  aid  of  digeftion.  But  the 
folution,, thus  obtained, affords  no  cryftals.  Vinegar 
has  fcarcely  any  effect  upon  tin,  even  when  reduced 
to  the  ftate  of  calx. 

§ DCCCLXXXII.  Vinegar,  aided  by  the  water 
wdiich  it  contains,  diffolves  the  gum  and  vegetable 
mucilage,  as  well  as  the  etherial  oil,  the  aftringent  and 
extractive  particles  of  plants;  therefore,  by  themacera- 
tvon  of  different  plants,  or  of  fome  of  their  parts,  in 
common  diftilled  vinegar,  we  form  thofe  medicaments 
which  are  called,  in  pharmacy,  medicated  vinegars. 
But,  if  common  vinegar  be  diftilled  upon  aromatic 
vegetables,  we  obtain  a diftilled  vinegar,  impregnated 
with  the  aroma  of  the  plants.  Of  this  kind  is  the  aqua 
vulneraria  cum  aceto.  The  acetous  acid  does  not 
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diflblve  pure  refins,  and  only  diflblves  camphor  wheii 
highly  concentrated.  It  foftens  gum-refins. 

§ DCCCLXXXIIL  The  compofition  of  the 
acetous  acid  is  probably  the  fame  as  that  of  all  other 
vegetable  acids,  (J  DCCCXXV.)  differing  only  in 
the  proportion  of  its  conftituent  parts.  This  is  ob- 
vious from  the  circumftance  that  the  acid  of  tartar 
and  of  fugar,  when  oxided  to  a higher  degree,  are 
changed  into  acetic  acid ; for  if  thefe  two  acids  be 
treated  in  the  dry  way  with  the  ojcide  of  manganele, 
or  with  nitric  acid,  a liquor  is  obtained  which  poffef- 
es  the  fame  flavour  and  properties  as  acetous  acid. 

CXIV.  OF  THE  PUTREFACTION  OF  VE^ 
GETABLES. 

§ DCCCLXXXIV.  Vegetables  are  liable  to  pu- 
trefy, if  the  neceffary  conditions  be  prefent.  Some 
undergo  this  change  immediately,  without  any  pre- 
vious fermentation;  fuch  are  plants  of  the  fecond 
clafs : many  plants,  on  the  contrary,  do  not  become 
putrid  till  they  have  gone  through  the  acid  fermenta- 
tion; to  this  clafs  belong  alfo  fuch  vegetable  juices 
as  have  paffed  through  the  fpirituous  fermentation. 

J DCCCLXXXV.  The  conditions  neceffary  for 
putrefaction  are  not  fo  limited  as  thofe  for  fpirituous 
and  acid  fermentation ; the  following  are,  however^ 
indifpenfably  requifite : 

1.  A certain  degree  of  moifture,  for  vegetables 
which  are  perfectly  dry  do  not  putrefy. 
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A temperature  of  five  degrees,  at  leaft,  above  tlie 
freezing  point. 

3.  The  prefence  of  atmofpheric  air.  But  this  cir- 
cumftance  is  here  lefs  neceflary  than  in  the  two  pre- 
ceding fermentations. 

4.  A certain  degree  of  mixture,  for  alcohol,  ace- 
tous acid,  refins,  etherial  and  fat  oils,  do  not  putrefy 
when  pure. 

5 DCCCLXXXVI.  The  phenomena  which  ac- 
company putrefdBion  are  an  inteftine  motion,  but 
which  is  not  fo  evident  as  in  the  fpirituous  and  acid 
fermentation.  Liquid  putrefiable  matters  alfo  be- 
come turbid;  but  the  degree  of  heat  excited  is  not 
very  difcernable;  in  drier  putrefeent  mafles,  on  the 
contrary,  it  is  frequently  fo  great  as  to  produce  fpon- 
taneous  inflammation.  But  the  moft  remarkable  phe- 
nomena, in  putrid  fermentation,  area  change  of  fmell, 
which,  even  in  aromatic  plants,  becomes  ungrateful 
and  naufeous;  alfo  the  production  of  hydrogen,  ni- 
trogen, and  carbonic  acid  gaz ; and  finally  the  forma- 
tion of  ammoniac,  which  gradually  efcapes  from  the 
mafs.  After  the  putrefaBion  is  completed  there  re- 
mains a foft  mafs,  in  which  fcarcely  any  one  of  the 
conftituents  of  the  vegetables  can  be  difeovered,  ex- 
cept fome  colouring  matter.  This  putrefied  mafs 
gradually  dries  into  a black  pov^^der,  which  confifts  of 
earth  and  a little  faline  matter,  known  by  the  name  of 
vegetable  mould. 

§ DCCCLXXXVI!.  The  putrefied  vegetable 
mafs,  as  well  as  the  mould,  affords,  by  diftillation. 
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a fetid  water,  ammoniac,  a fetid  empyreumatic  oil  and 
charcoal,  the  allies  of  which,  when  burnt,  contain 
little  pot-alh, 

XXV.  THEORY  OF  FERMENTATION. 

§ DCCCLXXXVIII.  Although  there  can  be  no 
doubt  that  all  vegetable  fubllances  are  refolved  into 
their  remote  principles  during  the  three  fermentations, 
and  that  thefe  parts,  thus  fet  at  liberty,  recombine  in 
different  proportions  and  under  different  circum« 
fiances,  to  form  thofe  new  bodies  which  are  the  pro- 
ducts of  all  fermentation,  yet  neither  thofe  propor- 
tions nor  circumllances  are  accurately  known  to  us, 
and,  in  this  refpeCl,  the  iheory  of  fermentation 
Hill  very  obfcure  and  doubtful. 

{DCCCLXXXIX.  Since  fugar,  or  bodies  contain- 
ing a great  quantity  of  faccharine  matter,  are  fit  for  fpi- 
rituous  fermentation,  and  as  fuch  bodies  are  compofed 
of  carbon,  hydrogen,  and  oxygen  ({  DCCCXXV.) 
Mr.  Lavoifier  was  of  opinion  that  the  hydrogen  unites 
with  a portion  of  carbon,  and  forms  alcohol,  while 
another  portion  of  carbon  combines  with  oxygen,  and 
produces  carbonic  acid;  for  both  alcohol  and  carbo- 
nic acid  are  the  produCls  of  fpirituous  fermenta- 
tion 

§ DCCCXC.  Vinegar  is  an  imperfeCl  acid,  and  has 
a compound  bafis,'  which,  probably,  confifts  of  hydro- 
gen and  carbon.  Hence  it  is  obvious  why  alcohol, 
when  oxygenated;  becomes  vinegar,  and  why  the  pre- 
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fence  of  atmofpberic  air  is  indifpenfably  reqtiifit^' 
during  this  change.  But  why  pure  alcohol  cannot  un- 
dergo the  acid  fermentation,  unlefs  mucilage  be  pre- 
fent,  is  a fact  which  remains  to  be  explained. 

^DCCCXCI.  In  putrefaction,  the  remote  prin- 
ciples of  plants  are  almoft  entirely  converted  into 
gazeous  bodies.  In  plants  of  the  firft  clafs,  the  hy- 
drogen efcapes  by  itfelf,  in  the  ftate  of  inflammable 
air;  but  the  carbon,  combined  with  oxygen,  paffes  off 
in  the  form  of  carbonic  acid  gaz;  nor  is  the  refidue 
compofed  of  any  thing  elfe  but  earth  and  metallic  par- 
ticles, perhaps  united  to  a fmall  portion  of  carbon. 
But  if  plants,  like  thofe  of  the  fecond  clafs,  con- 
tain more  nitrogen,  this  body,  during  putrefaClion, 
combines  with  hydrogen^  and  forms  ammoniac.  The 
phofphorus,  of  which  thefe  plants  contain  a fmall  por- 
tion, is  diffolved  by  the  inflammable  gaz,  and  pafl’es 
off  with  it  in  the  ftate  of  phofphorized  hydrogen  gaz. 
On  account  of  this  gaz,  and  the  greater  proportion  of 
ammoniac,  vegetables  of  the  fecond  clafs  produce 
always  a more  difagreeable  fmell,  during  putrefaClion, 
than  thofe  of  the  firft  clafs. 

CXVI.  OF  SOME  PARTICULAR^  PFIAR- 
MACEUl'ICAL  PREPARATIONS. 

^DCCCXCII.  Elceofacchanm  is  the  combination 
of  a volatile  oil  andfugar,  without  heat.  It  is  prepared 
in  three  ways : 

1.  By  cauflng  a drop  of  the  oil  to  be  imbibed  by 
a piece  of  fugar. 
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2.  By  pounding  one  dram  of  fugar  with  one,  two, 
or  three  drops  of  the  etherial  oil,  according  as  the  oil 
is  more  or  lefs  acrid. 

3.  By  rubbing  the  peel  of  an  orange  or  lemon 
upon  a lump  of  fugar,  and  afterwards  feparating  the 
impregnated  part. 

{ DCCCXCIIL  Tabulae  and  paftae  are  compofed 
of  fugar  and  vegetable  mucilage.  The  former  are 
prepared  in  the  cold;  but  the  latter  by  the  aid  of 
heat.  The  folid  parts  of  vegetables,  reduced  to  a 
fine  powder,  are  frequently  made  ufe  of  for  tabulse. 
Trochißs  differ  from  tabulae  chiefly  in  their  more  ex- 
tenfive  compofition  and  external  form. 

} DCCCXCIV.  Rotul^e  2lyc  formed  when  fugar  is 
melted  upon  the  fire  with  the  recent  juices  of  vegeta- 
bles, diflilled  waters,  etherial  oils.  See.  and  poured,  by 
drops,  upon  a marble-table.  Morfuli  differ  from  the 
former,  becaufe  folid  parts  of  plants,  merely  bruifed 
or  chipped,  are  mechanically  mixed  with  them, 

§ DCCCXCV.  We  obtain  a conjerve^  if  the  re- 
cent and  tender  parts  of  vegetables,  fuch  as  leaves 
and  flowers,  be  pounded  in  a mortar,  of  marble  or 
wood,  to  a pultaceous  confiflence,  and  mixed,  accord- 
ing to  the  fucculency  of  the  plants,  with  two  or  three 
times  the  quantity  of  fugar.  A little  water  is  added 
to  the  drier  plants,  when  bruifed,  as  for  example  to 
roles. 

§ DCCCXCVI.  Conferves  ought  to  be  of  the 
confidence  of  an  infpiffated  pap,  and  Ihould  fcarcely 
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adhere  to  the  fingers ; for  they  are  apt  to  ferment,  if 
too  liquid.  Even  in  the  beft-rnade  conferves  we 
may  notice  during  the  firß:  days  a flight  inteftine  mo- 
tion ; they  fwell,  and  the  folid  parts  are  fepafated 
from  the  more  liquid.  Unlefs  this  feparation  be  pre- 
vented by  repeated  ftirring,  the  more  liquid  part  fer- 
ments, and  thus  the  conferve  becomes  unfit  fgrufe. 

§ DCCCXCVII.  Conferves  are  lefs  liable  alfo  to 
ferment,  if  kept  in  a cool  place.  But  with  all  our 
care  we  can  fcarcely  preferve  them  longer  than  a year; 
for,  as  their  virtue  depends,  in  a great  meafure,  upon 
the  volatile  parts,  they,  in  general,  lofe  their  efficacy 
by  age.  Hence  they  ought  only  to  be  prepared  for  a 
fingle  year’s  confumption,  nor  even  for  fo  long,  if  the 
plants  can  be  had  frefli  during  the  whole  year. 

§ DCCCXCVill.  Conferves  are  alfo  made,  in 
cafes  of  neceffity,  from  dry  plants  reduced  to  powder, 
with  the  addition  of  fome  water:  but  conferves, 
formed  in  this  manner,  have  an  earthy  tafte,  and  are 
not  fo  foluble  in  the  mouth  as  thofe  prepared  from  the 
frefli  plants;  nor  can  they  be  fo  powerful. 

5 DCCCXCIX.  When  fugar  is  difiblved  in  any 
vegetable  liquor,  as  an  infufion,  decoEion,  emulfion, 
expreffed  juice,  See.  to  the  confidence  of  honey,  a 
medicinal  preparation  is  formed,  called  fyrup,  which, 
if  obtained  from  a fingle  plant,  is  termed  fimple;  but,  if 
more  than  one  be  employed,  compound.  The  man- 
ner of  preparing  the  fyrup  differs,  according  to  the 
difference  of  the  liquor  ufed ; hence  there  are  general 
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rules  which  apply  to  all  fyrups,  and  particular  rules^ 
which  are  applicable  to  a few  fyrups  only, 

5 DCGCC.  Sugar  is  added  to  the  above-men- 
tioned liquors,  that  they  may  be  preferved  from  cor- 
ruption, and  principally  to  prevent  them  from  being 
fermented;  but  to  this  end  it  is  necelfary  that  it 
fhould  be  employed  in  a certain  proportion.  If  a 
lyrup  contain  too  fmall  a proportion  of  fugar,  it  be- 
comes too  liquid,  and  is  ,then  even  more  liable  to  fer- 
ment than  if  it  contained  none  at  all.  On  the  con- 
trary, if  a fyrup  has  too  much  fugar,  that  is,  more 
than  the  liquor  can  hold  in  folution,  when  cooled^ 
the  fuperfluous  quantity  cryftallizes,  and  takes  away 
a confiderable  portion  of  that  fugar  alfo  which  is 
necefl'ary  to  the  preparation,  by  which  means  the 
fyrup  is  again  rendsred  too  thin,  and  ferments.  The 
quantity  of  fugar  depends,  therefore,  alfo  upon  the 
conliftence  of  the  liquid.  For  the  juices  of  fruits,  in- 
fufions,  and  decoftions,  we  generally  take  a double 
quantity  of  fugar;  but  for  infpiffated  liquids,  emul- 
fions  for  example,  an  equal  quantity  is  fufficient. 

§ DCCCCI.  It  is  the  mucilaginous  part  of  plants 
principally  which  excites  the  acid  fermentation;  there- 
fore, the  more  mucilage  a fyrup  contains,  the  fooner 
and  more  eafily  is  fermentation  produced;  and  the 
better  the  liquor  is  clarified  with  white  of  egg, 
either  before  or  after  the  fugar  is  added,  the  longer 
will  it  remain  perfe61:.  By  this  means  fyrups  alfo  be- 
come more  agreeable  to  the  eye,  but  at  the  fame 
time  they  generally  lofe  fomething  of  their  medicinaL 
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virtue.  It  is  bed,  therefore,  to  purify  a fyrup  by 
defpumation,  when  boiling,  and  fubfequent  filtration 
through  flannel. 

<5  DCCCCII.  As  the  acid  fermentation  requires 
a temperature  fomewhat  higher,  the  fermentation  of 
fyrup  is  alfo  prevented  by  keeping  it  in  a cool 
place.  Syrup,  which  has  jud  begun  to  ferment,  may 
be  correQcd  by  boiling  it  a fecond  time  with  the 
addition  of  a frnall  portion  of  fugar;  but  the  fermen- 
tation is  not  fuppofed  to  have  extended  fo  far  that  the 
properties  of  the  fyrup  are  changed. 

J DCCCCIIi.  Syrups  diould  be  always  preferved 
in  glafs  or  earthen  velfels,  or  fuch  as  are  made 
of  pure  tin,  for  mod  fyriips  contain  acid  particles, and 
even  fugar  has  fome  aftion  upon  copper  or  iron  vef- 
fels.  It  is  likewife  requifite  that  fyrups  be  well  cool- 
ed before  they  are  poured  into  the  velfels,  for  other- 
wife  the  dcarn  which  condenfes  on  the  upper  part 
of  the  vcffel  falls  upon  the  furfacc  of  the  fyrup,  and 
produces  moiildinefs.  With  regard  to  the  velfels  in 
which  the  fyrup  is  prepared,  the  fame  obfervations 
are  applicable  which  we  made  ( J DCCII.  DCCIII.) 
when  treating  of  extracts. 

J DCCCCIV.  Sugar  is  frequently  added  to  decoc- 
tions in  the  fird  indance,  which  are  then  evaporated 
to  the  proper  conlidence.  All  unneceffary  ebulli- 
tion ought,  neverthelefs,  to  be  prevented  as  much  as 
podible.  Emulfions,  infulions,  and  the  exprell'ed 
juices  of  fruits,  Ihould  never  be  boiled  with  fugar, 
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blit  fliould  be  fimply  diflblved  in  them,  and  atmoft 
heated  to  one  ebullition.  Sometimes  the  folution 
ought  to  be  made  on  the  water-bath,  as  in  the  prepara- 
tion of  fyrup  of  violets,  to  preferve  the  beauty  of  the 
colour. 

{ DCCCCV.  Syrups  prepared  with  honey,  inftead 
of  fugar,  are  named  Mella.  For  this  purpofe  honey 
is  added  to  the  liquid,  and  afterwards  evaporated 
again  to  the  confiftence  of  honey.  What  is  thus  pre- 
pared with  vinegar  is  called  fimple  Oxymel;  but  if  a 
third  liquor  be  added,  as  for  example  the  juice  of 
fquills,  it  is  then  termed  Oxymel  of  fqidlls, 

5 DCCCCVI.  If  the  juice  or  pulp  of  fruit  be 
boiled  with  one  fourth  part  of 'fugar  to  the  confif- 
tence  of  an  extrad,  the  former  is  called  Roob^  and 
the  latter  Pidp ; but,  if  an  equal  portion  of  fugar  be 
added  to  thefe  juices,  and  then  evaporated  to  a cer- 
tain degree,  Jellies  will  be  obtained.  Thofe  prepared 
with  vegetable  mucilage  are  termed  Paßce» 

5 DCCCCVII.  The  dry  parts  of  plants  reduced 
to  powder,  extracts,  conferves,  balfams,  oils,  gums, 
or  refins,  when  mixed  with  fyrup  or  honey,  to  the 
confidence  of  a liquid  extrad,  form  EleBiiaries. — 
Thefe  are  for  the  moft  part  very  compound,  and  com- 
monly undergo,  from  the  firft,  a kind  of  fermenta- 
tion, which  fometimes  continues  for  years.  But  the 
medicinal  virtue  of  moll  of  them  is  not  in  confeqeunce 
materially  aife6led.  The  virtue  of  others,  however, 
is  actually  changed,  for  which  reafon  they  fhould  not 
be  prepared  in  great  quantity , 
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§ DCCCCVIIL  Artificial  halfiams  are  generally 
compofed  of  expreffed  'or  etherial  oils,  refins,  and 
other  folid  bodies,  which  give  them  the  confidence 
of  butter.  The  bafis,  or  body,  of  mod  of  them  is 
the  exprefied  oil  of  nutmeg,  and  frequently  wax,  but^ 
ter,  See.  They  are  ufually  tinged  with  foot,  fafFron, 
cinnabar,  See. 

§ DCCCCIX.  Ointments  confid  chiefly  of  wax, 
honey,  exprefied  oils,  animal  fat,  butter,  refins,  and 
the  like,  which  are  liquefied  or  boiled  with  the  recent 
or  dried  parts  of  plants,  metallic  calces,  fulphur, 
acetite  of  lead,  and  other  fubdances,  to  the  confif- 
tence  of  butter.  Mercurial  ointment  differs  from  thefe 
as  it  is  merely  an  oxidation  and  folution  of  mercury 
in  bog’s  lard  by  continued  trituration.  Ointments 
which  are  lefs  folid  than  butter  are  called  Linimentsy 
and  fuch  as  are  more  folid.  Cerates. 

§ DCCCCX.  Plafiers  are  didinguifhed  from  oint- 
ments principally  by  their  folidity,  for  they  may  be 
handled  without  adhering  to  the  fingers,  and  be  thus 
formed  into  rolls.  Wax,  refins,  or  the  oil  of  olives, 
boiled  with  oxide  of  lead,  conditute  their  bafes. 
Whence  they  are  divided  into  two  fpecies,,viz.  into 
cerated  and  faturnine  pladers. 
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THE  ANIMAL  KINGDOM. 

§ DCCCCXI.  A living  animal  body  conlifts  of 
’ liquid  and  folid  parts,  which  are  gradually  formed 
from  the  nutriment  by  means  of  the  organic  ftrufture 
of  the  veffels,  and  conftantly  renovated  and  feparatcd 
from  the  body  as  excrements  of  various  kinds. 
Thefe  fubftances  may  be  properly  divided  into  three 
claffes  : firft,  into  fuch  as  form  a neceifary  conlti- 
tuent  of  the  living  body;  fecondly,  into  excre- 
ments ; and  thirdly,  into  parts  fecreted  for  particular 
purpofes.  But  it  is  to  be  regretted  that  our  know- 
ledge of  the  chemical  properties  of  thofe  fubftances 
is  as  yet  too  limited  and  unconnefted  to  treat  fatis- 
faftorily  on  the  nature  of  animal  bodies  in  the  order 
juft  mentioned.  We  muft  therefore  be  contented  to 
examine  the  liquid  and  folid  parts  of  animals  in  that 
feries,  in  which  their  chemical  properties  are  more 
or  lefs  known. 

CXVII.  OF  MILK. 

J DCCCCXII.  Milk  is  a white  liquid,  fomcwhat 
fweet,  of  a faint  fmell,  fecreted  in  the  breaPts  of  the 
female  of  la6:iferous  animals,  for  the  fupport  of  the 
' young  in  the  firft  ftage  of  life.  This  liquid  varies  not 
only  in  different  fpecies  of  animals,  but^  even  in  thb 
fame  animal,  according  to  circumftances,  but  chiefly 
from  the  nature  of  the  food.  We  will  examine  the 
milk  of  cows. 
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§ DCCCCXin.  The  new  milk  of  cows,  when  dif- 
tilled  on  a water-bath,  affords  an  infipid  phlegm,  which 
is  impregnated  with  the  aroma  of  milk,  and  putrefies 
in  a fhort  fpace  of  time.  All  the  remaining  milk  is 
changed  into  a dry  powder,  a true  extract  of  milk, 
which,  when  diffolved  in  hot  water,  affords  the  origi- 
nal milk,  but  altogether  void  of  fmell. 

^DCCCCXIV.  By  diftilling  this  extrafl  on  a fand- 
bath,  we  obtain  hydrogen  gaz,  carbonic  acid  gaz, 
fome  empyreumatic  acid,  an  empyreumatic  oil,  and 
ammoniac.  The  refidue,  in  the  retort,  is  a coal, 
the  allies  of  which  contain  fome  pot-afli,  muriate  , of 
pot-afh,  and  phofphate  of  lime. 

^ DCCCCXV.  New  milk  does  not  appear  to  con- 
tain the  lead  acid  or  alkali.  When  at  reft,  an  infpif- 
fated  fubftance  is  collefled  on  its  furface,  termed 
cream,  which  being  removed,  the  remainder  is  called 
fkimmed  milk.  If  cream,  by  continued  agitation, 
be  freed  from  the  adhering  milk,  we  obtain  an  oily 
fubftance,  viz.  butter;  and  the  milk  thus  feparated, 
which  is  now  fomewhat  acid,  is  called  butter-milk. 
All  bodies  which  render  fat  oils  foluble  in  water  re- 
tard or  impede  the  feparation  of  butter.  Too  great 
a degree  of  either  heat  or  cold  does  the  fame. 

5 DCCCCXVI.  By  a flight  digeftion  of  fome 
flours,  the  fldmmed  milk  feparates  again  into  a folid 
coaguluni,  or  curd,  and  into  a tranfparent  liquid, 
the  ferum  or  whey  of  milk.  Although  this  feparation 
takes  place  fpontaneoufly,  yet  it  is  more  fpeedily  ef. 


fefted  by  the  addition  of  various  bodies,  as  all  acids, 
neutral  falls,  rennet,  the  internal  membrane  of  the 
ftomach  of  hens,  the  human  ftomach,  the  yolk  of 
egg,  gum,  fugar,  fpirit  of  wine,  &c.  It  is  alfo  pro- 
moted by  a temperature  increafed  to  ebullition. 

§ DCCCCXVII.  Some  vegetables  alfo,  as  Galium, 
Vaillantia  cruciata,  madder,  thiftle,  &c.  accelerate 
the  reparation  of  the  cheefy  part  of  milk ; but,  ac- 
cording to  my  obfervations,  then  only  when  they  are 
added  to  the  milk  in  the  cold,  or  w^hen  a cold  aqueous 
infufion  of  them  is  mixed  with  milk.  If  thofe  vege- 
tables be  boiled'in  milk,  or  thrown  into  hot  milk,  the 
coagulation,  inftead  of  being  promoted?  is  rather  re- 
tarded. Nor  has  the  infufion  of  thefe  plants  pre- 
pared by  heat,  their  decoflion,  or  even  diftilled  water, 
any  effe6l  upon  milk. 

{DCCCCXVIII.  The  cauftic  alkalis,  which  dif- 
folve  the  cafeous  part  of  milk,  do  not  coagulate  it. 
The  mild  alkalis  do  coagulate  milk,  but  in  a different 
manner  from  the  bodies  before  mentioned,  for  they 
unite  with  the  butter  and  cheefe,  and  form  a faponace^ 
ous  mafs,  which  feparates  from  the  milk  in  the  form 
of  denfe  white  flocculi,  which  become  yellow  by 
continued  ebullition,  and  at  length  brown.  Lime- 
water  alfo  does  but  produce  an  imperfc6l  coagulation 
in  milk. 

§ DCCCCXIX.  The  firfl;  conftituent  parts  of 
milk  are,  therefore,  ferum,  butter,  and  cheefe,  which, 
on  account  of  the  incipient  acid  fermentation  of  the 
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Icrnm,  or  by  means  of  other  bodies  which  coagu- 
late the  cheefy  part,  feparate  from  each  other,  tf 
new  milk  be  treated  as  mentioned  DCCCCXVL), 
then  the  cheefy  part,  mixed  with  butter,  is  feparated 

from  the  ferum* 

/ 

§ DCCCCXX.  The  ferum  of  milk  has  a fweet 
agreeable  tafte,  and  poffelfes  the  odour  of  milk, 
when  prepared  without  boiling.  It  is  always  turbid, 
and  can  only  be  clarified  by  the  white  of  egg.  By 
diftillation  on  the  water-bath,  we  obtain  from  it  the 
fame  water  which  is  afforded  by  new  milk;  and  there 
remains  a mafs,  which,  when  freed  from  the  cheef)T 
and  other  adhering  parts,  fhoots  into  white  rhomboi- 
dal cryflalsj  termed  fugar  of  milk, 

§ DCCCCXX  I.  This  fugar  of  milk  has  an  infipid 
fwcetifh  tafte,  and  is  perfefiily  foluble  in  four  parts 
of  boiling  water;  it  exhibits  the  fame  appearances  asr 
^common  fugar,  when  diftilled  by  a ftronger  heat. 
Yf  one  part  of  fugar  of  milk  be  treated  with  nine 
parts  of  nitric  acid,  as  in  the  preparation  of  the  fac- 
cbarine  acid,  DCCLXXil.)  awhile  powder  is  fepa- 
rated during  the  operation,  and  the  remaining  liquor 
fhoots  into  long  c'ryftals,  which  are  a true  acid  of 
fugar. 

5 DCCCCXXII.  The  powder  above  mentioned 
has  an  earthy  tafte,  and  is  difficultly  foluble  in  water"*^. 

According  to  Scheele,  it  requires  6o  parts  of  boiling  water,  or 
So  of  cold  w^ater,  to  be  difiolved,  T, 
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When  cliftilled  it  becomes  black,  and  is  partly  fub- 
iimed  as  an  acid  fait,  fimilar  to  the  fuccinic  acid, 
with  a refidual  coal.  With  alkalis  it  forms  neu- 
tral cryftallizable  falts,  and  infoluble  falts  with  al- 
kaline earths.  Its  a6lion  upon  metals  is  ’qut  flight. 
It  is  confidered-by  modern  Chemifts  as  an  acid  of  its 
own  kind,  termed  the  facc1iola6iic  acid.  ^ 

§ DCCCCXXIIl.  The  fugar  of  milk  is,  there- 
fore, a fubftance  compofed  of  the  bafes  of  two  acids, 
one  of  which,  combined  with  oxygen,  forms  the  fac- 
choladic  acid ; but  the  other  feems  to  be  fugar 
changed  into  acid  of  fugar,  in  confequence  of  its 
union  with  the  acidifiable  principle. 

§DCCCCXXIV.  The  ferum  of  milk,  when  atrefl, 
fpeedily  undergoes  the  acid  fermentation;  therefore, by 
the  addition  of  a fmall  portion  of  fpirit  of  wine  and 
fubfequent  fermentation,  we  may  prepare  a true  vine- 
gar of  milk.  The  acid  obtained  fimply  by  the  fermen- 
tation of  ferum  of  milk  is  confidered  by  many  modem 
Chemifts  as  an  acid  of  a peculiar  kind,  which  they 
call  the  Ladlic  acid.  Others,  on  the  contrary,  are  of 
opinion,  that  it  is  not  different  from  the  acetous  acid. 
To  obtain  it  in  a pure  ftate,  fermented  whey  is  fatu- 
rated  with  chalk,  afterwards  filtrated,  and  then  affufed 
with  acid  of  fugar  till  precipitation  ceafes.  The  laflic 
acid,  thus  fet  at  liberty,  is  again  filtrated  and  evapo- 
rated to  the  confiftence  of  honey,  and  finally  mixed 
with  three  parts  of  alcohol,  which  diflblves  the  laftic 
acid,  and  leaves  the  fugar  of  milk.  The  alcohol  be- 
ing feparated,  pure  laftic  acid  remains,  which  is  uä- 
cryftallizable. 


5 DCCCCXXV.  The  cheefy  part,  or  curd,  is  a 
white  elaftic  fubliance,  very  liable  to  putrefaction.  By 
diüillation  in  the  dry  way,  it  affords  an  infipid  phlegm, 
hydrogen  gaz,  carbonic  acid  gaz,  ammoniac,  and  a 
very  fetid  empyreumatic  oil.  The  refidue  is  a con- 
iiderable  quantity  of  coal,  which  is  not  incinerated 
but  with  great  difficulty,  and  contains  no  pot  afli,  but 
phofphate  and  carbonate  of  lime.  Cheefe  is  infolu- 
ble  in  water,  and  in  hot  water  it  becomes  hard;  but 
it  is  diffoived  by  acids  and  cauffic  alkalis.  Hence  it 
is  obvious  that  it  approaches  neareft  to  vegetable 
gluten. 

§ DCCCCXXVI.  Curd,  faked  and  comprelTed, 
forms  common  cheefe.  If  the  former  be  obtained 
from  flvimmed  milk,  it  contains  but  little  butter,  and 
the  cheefe  is  meagre  and  bad;  but  if  prepared  from 
new  milk,  containing  all  its  cream,  the  cheefe  is 
good  and  rich. 

5 DCCCCXXVII.  Butter  freed  from  all  its  whey 
and  cheefy  matter  is  foft,  either  white  or  yellowifh, 
of  a mild  plealant  take,  and  void  of  fmell.  It  melts 
by  a gentle  heat,  and  becomes  folid  again  when  cooled. 
It  affords  by  dikillation  a little  infipid  water,  an 
acid  of  a very  pungent  fmell,  viz.  the  febacic  acid, 
and  a fetid  oil,  the  oil  of  butter.  The  refidue  con- 
fiks  of  a finall  portion  of  animal  carbon. 

^ DCCCCXXVIII.  At  a temperature  fomewhat 
higher,  the  febacic  acid  is  fpontaneoufly  feparated 
from  butter,  which  thus  acquires  an  acrid  fmell  and 
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tafle ; it  is  then  faid  to  be  rancid.  This  fault  is  partly 
corre6led  by  wafhing  the  butter  in  alcohol,  which 
takes  up  the  febacic  acid.  Butter,  united  with  alka- 
lis, forms  a true  foap.  From  ail  thefe  circumllances 
it  is  evident  that  butter  is  very  little  different  in  its 
chemical  properties  from  the  fat  oils  of  the  vegeta- 
ble kingdom. 

§ DCCCCXXIX.  Milk,  therefore,  confifls  pro- 
perly of  a fat  oil  and  of  a particular  gluten,  which 
are  imperfedly  diffolved  in  water,  by  means  of  a fac- 
charine  fubflance,  forming  a kind  of  animal  emulfion, 

§ DCCCCXXX.  If  milk,  juft  taken  from  the 
cow,  be  put  into  a warm  place,  and  the  feparation 
of  the  butter  and  che< Te  from  the  whey  be  pre- 
vented by  repeated  agitation,  the  fermentation  of 
the  whey  will  proceed  much  flower,  and  the  period 
of  the  fpirituous  fermentation  is  much  more  determi- 
nate; fo  that  by  the  diftillation  of  fuch  milk,  we 
may  obtain  true  alcohol.  Yell,  when  added,  pro- 
motes the  fermentation  of  milk,  in  the  fame  man- 
ner as  that  of  vegetable  juices.  It  is  probable  that 
the  quantity  of  alcohol  afforded  by  milk  is  greater 
the  more  fugar  of  milk  it  contains. 

$ DCCCCXXXI.  Milk,  from  whatever  animal 
it  may  be  obtained,  confifts  of  the  principles  above 
mentioned,  biit  not  always  in  the  fame  proportion. 
The  difference  between  cow’s  milk  and  that  of  other 
animals  is  as  follows ; 


§ DCCCCXXXIL  The  milk  of  every  animal  has 
, a peculiar  aromatic  fmell;  fo  that  a Ikilful  perfon  may 
know  whether  it  be  the  milk  of  the  female  of  the  hu- 
man fpecies,  of  cows,  goats,  mares,  or  aifes;  befides, 
all  milk  affords  cream  ; but  that  of  üieep  and  goat’s 
milk  is  much  thicker  : that  of  the  milk  of  the  human 
female,  on  the  contrary,  and  of  affes  and  mares,  is 
thinner  and  Icfs  abundant. 

5 DCCCCXXXIII.  Butter  is  feparated  with  equal 
facility  from  goat’s  milk  as  from  cow’s  milk  ; it  is  folid, 
and  cannot  be  remixed  with  the  remaining  milk.  The 
butter  obtained  from  the  milk  of  flieep  is  foft. — 
Finally,  butter  is  infcpavablc  from  the  milk  of  affes, 
mares,  or  the  human  female,  or  at  lead  only  in  the 
ftate  of  cream,  and  is  readily  diiTolvcd  in  the  remain- 
ing milk  by  the  aid  of  heat. 

§ DCCCCXXXIV.  The  chcefy  part  of  goat’s 
milk,  like  that  of  cow’s  milk,  is  folid  and  elaftic ; that 
of  afs’s  and  mare’s  milk  is  Icfs  folid;  and  that  of 
fiieep*s  milk  glutinous  only.  The  cheefy  part  of 
women’s  milk  is  never  folid,  but  always  fluid;  and  its 
feparation  is  attended  with  difficulty,  and  feldom 
fpontaneous. 

§ DCCCCXXXV.  The  aroma  is  always  con- 
tained in  the  whey,  vdiich  has,  on  that  account,  both 
a peculiar  taffe  and  fmell,  according  to  the  animal 
from  which  it  is  obtained.  The  milk  of  women, 
affes,  and  mares,  contains  much  ferum ; goat’s  and 
cow’s  milk  lefs,  and  fheep’s  milk  the  kaff. 
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J DCCCCXXXVI.  The  fugarofniilk  is  always 
ihe  fame  fubftance  from  whatever  animal  it  is  ob^ 
tained ; but  all  milk  does  not  contain  the  fame  quan-  , 
tity  of  it.  Next  to  mare’s  and  afs’s  milk,  that  of  the 
human  female  contains  it  in  the  greateft  abundance. 

§ DCCCCX XXVII.  If  other  neutral  falls  be  pre- 
fent  in  milk,  they  are  merely  adventitious,  and  de- 
pend, in  a great  meafure,  upon  the  food  of  thp 
animal.  Thus  cow’s  milk  contains  fometimes  th^ 
muriates  of  pot-afh  and  lime. 

$ DCCCCXXXVIII.  From  what  has  been  faid  of 
the  different  properties  and  proportions  of  the  con- 
ftituent  parts  of  milk  of  various  animals,  we  are  en- 
abled, in  fome  meafure,.  to  account  for  many  of  the 
properties  of  milk.  Thus,  why  does  the  milk  of  the 
human  female  keep  longefl  without  becoming  acid  ? 
Becaufe  the  butter  and  cheefy  part  are  not  fo  rea- 
dily feparated,  and,  by  combining  with  the  ferum^ 
the  latter  is  prevented  from  fermenting.  Why  docs 
mare’s  milk  produce  more  vinous  fpirit  than  cow’s 
milk  during  fermentation  ? Becaufe  it  contains  more 
fugar  of  milk,  &c. 

5 DCCCCXXXIX.  Thefc  feveral  properties  of 
milk  differ  alfo  in  degree,  according  to  the  diet  which 
the  animal  ufes.  And  this  circum fiance  is  of  conü- 
derable  importance,  efpecially  with  refpeö  to  the 
milk  of  women ; for  what  we  have  hitherto 
mentioned  of  this  milk  is  flridly  true  then  only,, 
when  the  woman  who  produces  it  ufes  a mere  ani- 


mal  diet,  or,  at  lead,  a common  diet  of  animal  and 
vegetable  fubftances  : for  the  milk  of  a woman,  who 
lives  on  vegetable  diet  only,  approaches  very  nearly 
to  cow’s  milk,  affords  lefs  cream,  becomes  four  in  a 
fhorter  time,  and  is  fooner  and  more  perfectly  coa- 
gulated by  acids  and  other  agents. 

CXVIII.  OF  BLOOD. 

^ DCCCCXL.  Blood  varies  not  only  in  different 
animals,  but  even  in  the  fame  animal,  according  to 
the  different  parts  of  the  body.  Thus  we  know  that 
the  blood  of  fome  animals  is  of  the  common  tempera- 
ture of  the  atmofphere,  whilft  that  of  others  is  confi- 
derably  hotter ; that  the  colour  of  arterial  blood,  on 
account  of  its  abforption  of  oxygen,  is  deeper  than 
that  of  the  veins,  and  fo  on.  But  all  thefe  diftinc- 
tions  are  not  yet  fufficiently  afcertained;  therefore 
the  analyfis  of  blood,  recently  taken  from  the  vein 
of  an  adult  and  healthy  perfon,  may  fuffice  for  the 
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. § DCCCCXLI.  This  blood  is  of  a deep  red 
colour,  thick,  and  fomewhat  faline.  On  cooling, 
when  at  reff,  it  becomes  at  firft  a perfefl  coagulum, 
but  foon  after  it  begins  to  feparate  into  two  parts. 
One  of  thefe,  which  is  red  and  folid,  is  termed  the 
coagulum,  or  clot;  the  other,  a yellow  liquid,  is 
called  ferum,  or  lymph. 

5 DCCCCXLII.  Blood  readily  putrefies  in  a mo- 
derate temperature.  By  a gentle  heat  it  dries  into  a 
i black  mafs,  termed  the  extraQ  of  blood.  When 
diftilled  without  addition,  it  affords  an  infipid  phlegm. 
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which  quickly  putrefies,  an  empyreumatic  oil,  and  a 
neutral  ammoniacal  fait,  confilting  of  an  einpyreu- 
matic  acid,  which  has  not  yet  been  fufficiently  exa- 
mined, fupeiTaturated  with  ammoniac.  During  this 
operation,  the  blood  becomes  very  intumefcent, 
evolves  much  hydrogen  and  carbonic  acid  gaz,  and 
leaves  a very  fpongy  coal,  which  is  difficultly  re- 
duced to  affies,  confining  of  common  fait,  foda,  and 
phofphaie  of  lime. 

§ DCCCCXLTII.  The  ferumis  a greeniffi  yellow 
liquor,  of  an  adhefive  confidence,  and  fomewhat 
faline  to  the  tafte.  It  is  almoft  entirely  coagulated 
by  heat  before  it  boils.  When  diftilled  on  the  water- 
bath,  it  affords  an  infipid  phlegm,  and  the  coagulum 
remains.  When  urged  by  a llronger  fire,  it  greatly 
intumefces,  and  produces  carbonic  acid  gaz,  liquid 
volatile  alkali,  much  mild  ammoniac,  and  a thick 
empyreumatic  oil;  a large  refidual  coal  is  obtained, 
which  is  with  difficulty  reduced  to  affies,  containing 
common  fait,  carbonate  of  foda,  and  phofphate  of 
lime. 

5 DCCCCXLIV.  The  ferum  combines  in  any  pro- 
portion with  cold  water,  and  without  change;  but 
when  thrown  into  hot  water,  it  inftantly  coagulates. 
Though  a part  of  it  combine  with  the  water  and 
form  a milky  liquor,  yet  it  may  be  again  fepa- 
rated  by  protratled  ebullition,  or  the  addition  of 
alcohol.  Mineral-acids  alfo  render  ferum  concrete, 
and,  if  the  coagulated  part  be  then  feparated  by 
filtration,  we  obtain,  from  the  remaining  eva- 
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porated  liquid,  the  neutral  fait  which  arifes  from  tli2f 
union  of  the  acid  and  foda,  although  but  in  fmall 
quantity.  Serum  is,  in  like  manner,  coagulated 
by  concentrated  vegetable  acids,  but  alkaline  falls 
only  tend  to  dilute  it. 

§ DCCCCXLV.  Coagulated  feriim  is  infoluble 
in  water.  By  a moderate  heat  it  dries  into  a corneous 
mafs.  It  is  foluble  as  well  in  concentrated  mineral 
acids  as  cauhic  alkalis.  The  former  folutions  are 
decompofed  by  water,  and  the  latter  by  acids.  This 
fubftance,  upon  the  whole,  is  very  fimilar  to  the 
cheefy  part  of  milk.  When  coagulated  ferum  is 
treated  with  diluted  nitric  acid,  at  a higher  tempera- 
ture, nitrous  and  azotic  gaz  will  be  ►obtained,  and 
acid  of  fugar,  befides  a fmall  portion  of  malic  acid, 
is  generated  in  the  refiduum. 

^ DCCCCXLVI.  It  appears  from  the  preceding 
experiment,  that  ferum  of  blood  confifts  of  water, 
coagulable  lymph,  a fmall  portion  of  gluten,  culi- 
nary fait,  carbonate  of  foda,  and  phol'phate  of  lime. 
The  animal  gluten  is  the  acidifiable  bafis,  which 
may  be  changed  into  malic  and  oxalic  acids;  but 
the  coagulable  lymph  is  the  body  which,  by  dry  dif- 
tillation,  affords  oil,  and  is  chiefly  diflinguifhed,  on 
account  of  its  property,  of  becoming  folid  by  heat. 

§ DCCCCXLVII.  The  clot,  or  coagulum,  of 
blood  gradually  dries  by  a gentle  heat,  and  be- 
comes brittle;  but  it  putrefies  very  fpeedily  if  the 
atmofphere  be  warm.  When  wafhed  in  cold  watqr 
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it  feparates  into  two  parts,  one  of  which  diflblves  in 
the  water  and  communicates  to  it  the  red  colour, 
and  the  other  part  is  a white  fibrous  fubflance, 
termed  the  fibrous  part  of  the  coagulum. 

§ DCCCCXLVIIL  The  water,  thus  tinged  by 
the  coagulum,  contains,  in  reality,  all  the  colouring 
matter  of  blood.  When  chemically  examined,  it 
proves  to  be  the  fame  as  the  ferum,  except  that  it 
contains  a great  deal  of  iron.  This  may  be  feparated 
by  incineration,  when,  by  wafhing  the  afhes,  it  re- 
mains in  the  form  of  a brown  calx.  This  circum- 
ftance  has  induced  fome  phyfiologifts  to  afcribe  the 
red  colour  of  blood  to  the  iron. 

§ DCCCCXLIX.  The  fibrous  part  of  blood  is 
perfe6Uy  taltelefs,  and  infoluble  in  water  or  alcohol. 
When  boiled  in  water,  or  otherwife  expofed  to  a 
moderate  heat,  it  becomes  hard,  and  if  this  be  fud- 
denly  done,  it  fhrinks  up  like  parchment.  The 
cauflic  fixed  alkalis  dillbive  it  only  by  the  aid  of 
ebullition,  and  caullic  ammoniac  has  no  effe8:  upon 
it  whatever.  Acids  diffolve  it  with  difengagement  of 
nitrous  and  azotic  gaz;  the  nitric  acid  alfo  gene- 
rates malic  and  oxalic  acids.  The  alkalis  precipi- 
tate it  from  thefe  folutions  in  a changed  ftate.  It 
putrefies  very  readily  in  a moift  atmofphere.  It 
affords,  by  dry  diftillation,  much  aerated  ammoniac, 
a very  fetid  empyreumatic  oil,  and  a coal  which 
is  eafily  reduced  to  alhes,  and  contains  neither  foda 
nor  neutral  falts,  but  pure  lime  and  phofphate  of  lime 
only. 
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5 DCCCCL.  The  fibrous  fubflance  is  partly  fe- 
parated  in  the  blood  of  horfes  and  in  the  human 
blood  in  inflammatory  difeafes,  covering  the  clot  in 
the  form  of  a yellowifh-  tough  cuticle,  commonly 
called  the  bufFy  coat  of  the  blood. 

5 DCCCCLL  If  blood,  fuch  as  it  comes  from  a 
vein,  be  put  into  a veffel  void  of  air,  or  filled 
with  an  unrefpirable  gaz,  it  alfo  coagulates,  but  not 
fo  fpeedily,  nor  to  that  extent,  as  in  atmofpheric  air, 
and  the  colour  of  the  coagulum  is  rather  black  than 
red.  On  the  contrary,  if  recent  blood  be  put  into 
a veffel  containing  oxygen  gaz,  the  coagulation  pro- 
ceeds rapidly,  and  the  colour  of  the  coagulum  is  as 
red  as  it  would  be  in  atmofpheric  air. 

^ DCCCCLII.  If  the  red  coagulum  of  blood, 
formed  in  the  open  air,  be  put  into  a veffel  con- 
taining inflammable  gaz,  a gradual  diminution  of  the 
gaz  is  obferved,  and  the  coagulum  is  deprived  of 
its  red  colour,  becomes  purple,  and  ultimately  black. 
But,  on  expofing  this  black  coagulum,  or  fuch  as  is 
formed  in  a vacuum,  or  a veffel  filled  with  unrefpi— 
rable  air,  to  the  atmofphere,  or,  which  is  preferable, 
to  pure  oxygen  gaz,  the  vermilion  colour  of  the  clot 
returns,  the  quantity  of  oxygen  gaz  diminifhes,  and 
a fmall  portion  of  carbonic  acid  gaz  is  formed. 

J DCCCCLIII.  If  blood,  recently  taken  from  a 
vein,  which  we  know  to  be  either  purple  or  black,  be 
impregnated  with  oxygen  gaz,  it  will  obtain  a ver- 
milion colour,  which,  however,  gradually  difappears 
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and  becomes  again  purple,  and  laftly  black;  It  is 
liable  to  the  latter  change,  though  it  continue  in 
contaft  with  oxygen  gaz;  nor  can  any  new  impreg- 
nation with  it  render  it  again  red.  On  the  contrary, 
if  arterial  blood,  which  . is  of  a*  light  colour,  come 
into  contad  with  an  unrefpirable  gaz,  its  colour  is 
gradually  changed  to  purple. 

§ DCCCCLIV.  If  oxygenated  muriatic  add  be 
poured  into  venal  blood,  recently  obtained,  the 
blood  inftantly  aifumes  a black  colour.  Common 
muriatic  acid,  of  the  fame  ftrength  as  the  oxygenated, 
produces  no  change  of  colour;  if  it  be  concentrated, 
it  caufes  it  to  coagulate  very  fpeedily  without  ting- 
ing it  black. 

§ DCCCCLV.  Thefe  important  experiments  have 
induced  modern  Phyfiologifts  and  Chemifts  to  draw 
the  following  conclufions : 


1.  The  black  venal  blood  DCCCCLIII.)  com- 


2.  The  oxygen  gaz,  now  in  a ftate  of  combination 
with  the  red  blood,  is  gradually  decompofed,  the 
oxygen  combining  more  intimately  with  the  carbon 
and  hydrogen  of  the  blood  individually,  forms  water 
and  carbonic  acid,  whence  the  blood  becomes  again 
black,  (J  DCCCCLIII.)  The  latter  change  fuc- 
ceeds  more  rapidly  in  unrefpirable  air  than  if  the 
blood  were  expofed  for  fome  time  to  oxygen  gaz. 
The  caufe  of  its  combining  with  this  gaz  is;  that| 
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having  loll  its  luperabundant  hydrogen  and  carbon, 
it  appears  no  longer  to  have  an  affinity  with  oxygen 
gaz. 

§ DCCCCLVI.  It  is  further  concluded,  that  the 
phenomena  which  occur  in  the  refpiration  of  animals 
are  perfedly  analogous  to  thofe  obferved  in  the  pre- 
ceding experiments.  The  oxygen  gaz  infpired  com- 
bines with  the  venal  blood  returned  to  the  lungs, 
partly  yith  the  whole,  and  partly  with  its  hydrogen 
and  carbon  individually,  forming  water  and  car- 
bonic acid,  which  are  expired.  And  the  combina- 
tion of  the  oxygen  gaz  with  the  remainder  of  the 
black  venal  blood  produces  the  red  arterial  blood,  in 
which,  during  the  circulation,  the  union  of  the  vital 
air  with  the  carbon  and  hydrogen  is  gradually  ex- 
tended, and,  at  length,  having  attracted  a new  por- 
tion of  hydrogen  and  carbon,  and  become  black,  it 
returns  to  the  lungs  through  the  veins.  , 

§ DCCCCLVII.  Hence  the  caloric  of  the  oxygen 
gaz  is  not  entirely  difengaged  in  the  lungs,  but  only 
in  part,  and  even  this  does  not  remain  in  the  date  of 
fenfible  heat,  as  it  immediately  tends  to  change  the 
carbonic  kcid  and  water  into  the  gazeous  ftate.  The 
greater  part  of  the  caloric  contained  in  the  oxygen  gaz 
is,  therefore,  liberated  and  difengaged  as  fenhble  heat 
during  the  circulation  of  the  blood,  in  confequence 
of  the  gradual  combination  of  the  oxygen  with  the 
luperabundant  carbon  and  hydrogen.  It  is  this  fen- 
fible heat  which,  by  its  uniform  and  uninterrupted 
diffufion  through  the  whole  body,  contributes  moft 
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to  produce  in  it  that  temperature  which  is  termed 
animal  heat. 

This  theory  enables  us  to  account  for  the  greater 
fpeciflc  heat  in  arterial  blood  than  in  venal  blood, 
befides  various  other  phyfiological  and  pathological 
phenomena. 

§ DCCCCLVIII.  According  to  fome  Chemifts, 
when  the  dark  venal  blood,  impregnated  with  hy- 
drogen and  carbon,  is  returned  to  the  lungs,  it  de- 
compofes  the  oxygen  gaz,  and,  in  confequence, 
throws  oif  its  fuperabundant  carbon  and  hydrogen 
in  the  form  of  water  and  carbonic  acid  gaz,  which  are 
expired.  The  caloric,  thus  liberated,  is  not  en- 
tirely diffufed  in  the  ftate  of  fenfible  heat,  becaufe  it 
inftantly  combines  with  the  red  arterial  blood,  which, 
on  account  of  its  greater  capacity  for  heat,  requires 
much  more  to  preferve  the  fame  temperature.  The 
blood,  thus  enriched  with  a greater  quantity  of  fpecific 
heat,  no.w  diffufes  itfelf  through  the  whole  body, 
but,  acquiring  in  its  circulation  a new  portion  of 
carbon  and  hydrogen,  its  capacity  for  heat  is  gra- 
dually diminiflied,  and,  confequently,  it  parts  with 
a proportionate  quantity  of  caloric,  till  it  returns  to 
the  lungs. 

CXIX.  OF  THE  PRUSSIC  ACID. 

} DCCCCLIX.  If  the  extraH  of  blood  and  a 
fixed  alkali  be  gradually  heated  till  the  mixture 
becomes  red  hot,  and  then  feparated,  by  wafhing, 
from  the  coal,  we  find  that  the  alkali  has  obtained 
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all  the  properties  of  a neutral  fait;  for  a peculiar 
acid,  termed  the  pruffic  acid,  is  formed  during  the 
combuftion  of  the  blood,  which  combines  with  the 
alkali,  and  produces  the  neutral  fait  above  mentioned, 
which  is  alfo  called  phlogifticated  alkali ; this  (ub- 
flance  may  be  prepared,  in  the  fame  manner,  from 
bones,  hair,  and  various  other  animal  parts. 

. \ 

§ DCCCCLX.  This  neutral  fait  has  a yellow 
colour,  and  a peculiar  fmell.  It  does  not  elfcrvefce 
with  acids,  nor  does  it  change  the  colour  of  violets; 
it  is  incapable  alfo  of  decompohng  earthy  neutral 
falls.  But  all  metals  diffolved  in  acids  are  precipitated 
by  it;  the  alkali  combines  with  the  acid  of  the  me- 
tallic lalt,  and  the  calx  itfelf  with  the  pruffic  acid, 
which  communicates  to  it  a peculiar  colour;  thus 
the  precipitate  of  iron  appears  dark  blue,  that  of 
copper  brown  red,  of  lead  white,  and  of  gold  yellow. 

5 DCCCCLXI.  If  phlogifticated  alkali  be  fiowly 
evaporated,  it  affords  cubic  and  tetraedral  columnar 
cryflals  of  a yellow  colour,  which,  according  to  the 
alkali  made  ufe  of,  are  termed  pruffiate  of  pot-afh 
or  foda. 

§ DCCCCLXII.  The  iron  precipitated  from  a 
fulphuric  acid  folution  by  phlogifticated  alkali  is 
termed  pruffian  blue,  or,  chemically,  pruffiate  of  iron; 
from  which  the  pruffic  acid  may  be  feparated  by 
digeftion  with  cauftic  alkalis;  pruffiate  of  alkali  in 
that  cafe  is  obtained,  and  the  iron  remains  in  the 
ftate  of  a brown  oxide. 
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§ DCCCCLXIII.  But,  to  have  the  pruffiate  of  al- 
kali perfeclly  pure,  it  is  faturated  with  diftilled  vinegar 
evaporated  to  the  confiftence  of  honey,  and  combined 
with  three  parts  of  alcohol.  This  body  diflblves  the 
acetite  of  pot-afli,  in  confequence  of  which  pruffiate 
of  potrafh  falls  to  the  bottom  in  the  form  of  fmall 
fcales. 

§ DCCCCLXIV.  To  obtain  the  pruffic  acid  in 
a pure  hate,  fulphuric  acid  is  added  to  phlogillicated 
alkali  or  cryftallized  pruffiate  of  alkali,  till  it  fuper- 
abounds.  The  mixture  being  then  diftilled  by  a 
gentle  fire  from  a retort  with  Woulfes  apparatus, 
the  pruffic  acid  is  difengaged  in  the  form  of  gaz,  and 
abforbed  by  the  water  of  the  receiver,  It  is  like- 
wife  obtained  by  the  diftillation  of  blood  with  nitric 
acid. 

5 DCCCCLXV.  The  pruffic  acid  has  an  acrid 
tafte,  and  a fuffocating  fmell,  fimilar  to  that  of  bit- 
ter almonds;  but,  except  its  capacity  of  combining 
with  alkalis  and  metals,  it  fhews  no  acid  property. 

5 DCCCCLXVI.  The  pruffic  acid  readily  com- 
bines with  ammoniac,  and,  by  digefting  pruffiate*’ 
of  iron  in  ammoniac,  we  obtain  pruffiate  of  ammo- 
niac. Moft  of  the  properties  of  this  fait  are  fimilar 
to  thofe  of  common  pruffiate  of  alkali;  if  it  be 
diftilled  by  a moderate  heat,  the  whole  comes  over 
unaltered.  Pruffiate  of  lime,  in  like  manner,  is  pre- 
pared by  the  digeftion  of  lime-water  with  pruffiate  of 
iron.  This  neutral  fait  is  decompounded  by  the 
cauftic  alkalis,  which  combine  with  the  pruffic  acid. 

Y 4 


323 

§ DCCGCLXVIL  The  pruflic  acid  occurs  not 
only  in  the  animal  kingdom,  but  alfo  in  the  mineral 
kingdom,  combined  with  iron;  and  we  obtain  it  from 
vegetable  foot,  when  treated  with  alkalis. 

§ DCCCCLXVIIL  The  bafis  of  the  pruffic  acid 
is  obvioufly  compound,  but  its  conftituent  parts  are 
as  yet  obfcure,  and  the  opinions  of  Chemifts,  on 
this  fubjeB,  differ;  fome"* are  of  opinion  that  its  bafis 
is  compofed  of  hydrogen,  nitrogen,  and  carbon ; 
others,  on  the  contrary,  confider  phofphorus  as  one 
of  its  principles, 

xCXX.  OF  BILE. 

5 DCCCCLXIX.  Bile,  or  gall,  is  a’ tenacious 
humour,  more  or  lefs  of  a yellowilh  green  colour, 
a bitter  lafte,  and  naufeous  fmell,  feparated  from 
the  blood  in  the  large  vifcus  called  the  liver.  In 
fome  animals  this  fluid,  even  frefli,  poffeffes  an  agree- 
able odour,  fimilar  to  that  of  muflc ; but,  in  others, 
it  only  obtains  this  property  by  evaporation  or  age. 

5 DCCCCLXX.  Bile  fuffers  no  alteration  by  re- 
pofe,  but  it  putrefies  when  it  becomes  old,  or  is  expofed 
to  heat.  If  it  be  diRilled  on  the  water-bath,  we  obtain 
an  infipid  phlegm,  which  has  frequently  the  odour  of 
amber,  and  is  Very  liable  to  putrefaflion.  The  refi- 
duum  is  a dry  brittle  greenifh  mafs,  termed  extraQ:  of 
bile,  which  affords  by  dry  diftillation  a volatile  alka- 
line liquid,  dry  mild  ammoniac,  and  a fetid  empyreu- 
matic  oil.  During  this  procefs  the  mafs  fwells  con- 
fiderably,  and  there  remains  a large  fliining  coal. 
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Avhich  is  eafily  reduced  to  afhes,  and  confifls  of  foda, 
phofphate  of  lime,  and  iron. 

§ DCCCCLXXI.  Bile,  as  well  as  the  extraa  of 
it,  is  infoluble  in  water.  It  is  decompofed  by  mine- 
ral acids  and  vinegar,  which  difengage  a coagulated 
mafs,  fimilar  to  the  coagulated  ferum  of  blood,  or 
the  cheefy  part  of  milk.  This  precipitate  is  foluble 
in  an  excefs  of  acid,  and  forms  with  the  muriatic  acid 
a red  folution.  On  evaporating  the  remaining  liquid, 
we  obtain  a neutral  fait,  compofed  of  the  acid  em- 
ployed and  foda. 

§ DCCCCLXXII.  Bile  is  decompofed  by  al- 
cohol, in  the  fame  manner  as  by  acids;  but,  if  after 
the  coagulum  is  feparated,  the  remaining  tincture  of 
bile  be  evaporated  by  a moderate  heat,  a refinous 
balfamic  fub dance  is  obtained,  which,  with  the  excep- 
tion of  a finall  quantity  of  gluten,  is  completely  folu- 
ble again  in  alcohol ; and  which,  diffolved  in  alkalis, 
forms  green  folutions.  When  diftilied  by  itfelf,  the 
produBs  area  yellowifh  bitter  phlegm;  a thick  empyr 
reumatic  oil,  fifnilar  to  balfam  ; and  an  inconfiderable 
portion  of  ammoniac.  The  refiduum  is  a black  mafs 
which  refembles  refin. 

5 DCCCCLXXIII.  Bile  cannot  be  mixed  either 
with  etherial  or  fat  oils,  or  butter,  nor  does  it  ren- 
der thofe  bodies  foluble  in  w^ater.  It  ought  not,  there- 
fore, to  be  confidered  as  foap,  and  if  we  employ  it 
with  fuccefs  for  removing  fpots  out  of  cloth,  the 
reafon  is,  that  the  bile  has  a greater  affinity  with  the 
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cloth  than  the  fat  oils,  which,  confequently,  are  difen- 
gaged,  and  iffae  in  drops. 

J DCCCCLXXIV.  From  the  preceding  experi- 
ments it  is  obvious,  that  bile  confids  of  a coagula- 
ble  lymph,  refinous  matter,  animal  gluten,  foda,  and 
particles  of  iron.  The  proportion  of  the  latter,  how- 
ever, is  but  fmall;  nor  is  it  decided  whether  soda 
exifts  in  bile  in  a free  state. 

^DCCCCLXXV.  If  from  fome  caufe  or  other 
the  bile  remain  too  long  in  the  gall-bladder,  it  de- 
pofits  fmall  folid  mafl'es  of  a brown  colour,  and  for  the 
moft  part  of  a radiated  texture,  termed  biliary  calculi. 
In  fome  animals,  they  are  alrnoft  always  to  be  found 
at  certain  periods  of  the  feafon.  They  are  of  two 
kinds;  fome  are  folublc  in  fpirit  of  wine,  oil  and  foap, 
and  the  folution  by  the  former  affords  an  acidulous  fait 
in  the  form  of  thin  laminae.  Others,  on  the  contrary, 
confiff,  it  is  faid,  of  this  fait  only.  According  to  the 
opinion  of  moft  Chemifts,  biliary  calculi  are  nothing 
but  bile  concreted  by  ablorbing  oxygen,  which  opi- 
nion is  apparently  confirmed  by  th?:  circumftance, 
that  bile  may  be  changed  into  a fimilar  subftance  by 
the  oxygenated  muiiatic  acid, 

CXXl.  OF  TRE  GASTRIC  JUICE. 

5 DCCCCLXXVI.  The  gaftric  juice  is  a hu- 
mour fecreted  in  the  ftomachs  of  animals  for 
the  purpofe  of  digefting  the  nutriment.  It  dif- 
fers in  every  fpccies  of  animal  according  to  the 
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nature  of  their  food  and  the  ftruQure  of  their  fto- 
machs;  thus  in  gallinaceous  birds  it  changes  the 
aliment  merely  into  a pultaceous  mafs,  after  having 
been  properly  prepared  by  the  raufculous  ftomach 
of  the  bird>  in  rooks  and  crows,  on  the  contrary, 
it  a6ls  already  by  itfelf.  It  requires  a fimilar  prepa- 
ration in  ruminating  animals;  but,  in  amphibious 
animals  and  birds  of  prey,  it  does  not  ftand  in  need 
of  it.  In  amphibious  animals  and*  fifties  it  digeffs 
the  nutriment  at  the  common  temperature  of  the  at- 
mofphere;  but,  in  laftiferous  animals  and  birds,  it 
requires  a higher  temperature.  Its  a6lion  in  the 
former  is  flower,  in  the  latter  quicker.  Its  agency 
in  fome  animals  is  confined  to  vegetable  matter  alone, 
in  others  it  a6fs  exclufively  upon  animal  fubflances; 
and  in  fome  it  produces  an  effeft  upon  both,  f'inally, 
the  gaffric  juice  of  fome  animals  is  capable  of  di- 
gefling  the  hardefl  bones,  without  any  mechanical 
*co-operation,  tendons,  or  ligaments,  which  atlion  is 
continued  even  after  the  death  of  the  animal. 

§ DCCCCLXXVII.  The  gaflric  juice  is  inodo- 
rous and  of  a faline  tafle.  It  is  not  liable  to  fpon- 
taneous  fermentation  of  putrefadlion,  and  it  even  pre-. 
vents  other  bodies  from  undergoing  thefe  changes 
when  mixed  with  it.  It  tinges  the  infufion  of  violets 
red.  It  combines  with  water  in  any  proportion. 
Neither  acids  nor  alkalis  caufe  it  to  coagulate.  With 
fpirit  of  wine  it  affords  a gelatinous  precipitate.  It 
coagulates  milk,  but  produces  no  effe6l  whatever 
upon  blood.  But  the  gaflric  juice  of  adult  ruminating 
animals  differs  from  thefe  properties  in  as  much  as  it 


332 


readily  putrefies,  changes  the  juice  of  violets  green, 
and  is  incapable  of  coagulating  milk. 

§ DCCCCLXXVIII.  It  appears  alfo  that  the 
gaftric  juice  of  different  animals  does  not  exhibit  the 
fame  phenomena  when  diftilled  in  the  dry  way.  In 
general,  however,  it  comes  over  for  the  rnoft  part  as 
an  infipid  phlegm,  which  is  neither  acid  nor  alkaline,- 
and  affords  but  a very  fmall  portion  of  empyreumatic 
oil.  The  refiduLim  is  a faline  mafs,  frequently  com- 
pofed  of  common  fait,  fal  ammoniac,  and  a fmall 
quantity  of  coal.  We  rarely  obtain  the  volatile  alkali, 

J DCCCCLXXIX.  It  is  evident,  from  the  pre* 
ceding  experiments,  that  the  chemical  decompofition 
of  the  gaftric  juice  does  not  enable  us  to  account  for 
all  the  fingular  phenomena  produced  by  its  influence 
upon  digeftion.  It  appears  to  be  principally  com- 
p'ofed  of  water,  animal  gluten,  and  falts, 

CXXII.  OF  TEARS. 

§ DCCCCLXXX.  The  fluid  fecreted  by  the  la- 
crymal  glands,  and  which,  when  contained  in  abun- 
dance, flows  through  the  noftrils,  and  over  the  lower 
eyelids,  upon  the  cheeks,  viz.  tears,  is,  in  a ftate  of 
purity,  limpid  and  inodorous,  but  very  faline,  and 
changes  the  juice  of  violets  green. 

5 DCCCCLXXXI.  If  tears  be  expofed  to  atmof- 
pheric  air,  or  a gentle  heat,  they  dry  into  a yellow 
fubftance,  in  which  we  frequently  diftinguifli  cubic 
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cryftals.  This  dried  fubftance,  when  diftilled  by  a 
ftronger  heat,  affords  a fmall  quantity  of  water  and 
empyreumatic  oil,  befides  a coal,  of  which  the 
afhes  contain  common  fait,  a fmall  portion  of  foda, 
and  phofphates  of  lime  and  of  foda. 

§ DCCCCLXXXII.  Recent  tears  are  perfedly  fo- 
luble  in  water,  but  their  folution  is  ineffefclual  if  they 
be  kept  for  fome  time  in  the  open  air,  or  be  dried. 
Frefh  tears  are  diluted  by  alkalis,  which  even  dif- 
folve  thofe  that  are  dry.  Alcohol  caufes  them  to 
coagulate,  and  feparates  their  mucilage.  By  the  eva- 
poration of  the  remaining  alcohol  we  obtain  common 
or  culinary  fait  and  foda. 

§ DCCCCLXXXII  I.  The  aflion  of  the  fulphuric 
and  muriatic  acids  upon  recent  tears  is  very  flight, 
but  dry  tears  are  diflblved  in  them  with  effervefcence. 
In  the  former  cafe  muriatic  acid  and  carbonic  acid 
gaz  are  developed,  and  fulphate  of  foda  remains  be- 
hind. But,  in  the  later  cafe,  only  carbonic  acid  gaz 
is  feparated,  and  the  refidue  is  completely  faturated 
foda.  That  change  which  tears  undergo  but  flowly 
in  atmofpheric  air  is  inftantly  produced  upon  tliem 
by  the  oxygenated  muriatic  acid. 

§ DCCCCLXXXIV.  It  is  obvious  from  thefe 
experiments,  that  tears  are  chiefly  compofed  of  water, 
a peculiar  kind  of  mucilage,  common  fait,  phofphate 
of  lime,  phofphate  of  foda,  and  foda  in  a free  and 
apparently  cauftic  ftate;  becaufe  recent  tears  have 
no  effect  upon  lime-water,  whereas  dried  ones  render 
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it  turbid.  The  change  which  tears  undergo  during 
their  exficcation  depends,  probably,  upon  a true 
abi'orption  of  oxygen  and  carbonic  acid, 

CXXIII.  OF  MUCUS. 

^ DCCCCLXXXV.  By  this  name  we  diftinguifli 
that  humour  which,  efpecially  in  catarrhs,  flows  abun- 
dantly through  the  membrane  of  fchneider  into  the 
noftrils.  At  firfl:  it  is  clear,  tranfparent,  inodorous, 
and  of  an  acrid  faline  tafle.  In  this  ftate  its  chemical 
properties  are  analogous  to  thofe  of  tears ; but,  if  it 
remain  fome  time  in  the  nofe,  it  becomes  opaque, 
yellow,  tenacious,  infoluble  in  water,  and  ultimately 
a dry  yellowifli  green  fubflance. 

^DCCCCLXXXVI.  We  have  reafon  to  believe 
that  this  change  is  chiefly  produced  by  the  oxygen, 
which  the  mucus  abforbs  from  the  great  quantity  of 
air  infpired  through  the  nofe.  The  carbonic  acid  of 
the  air  expired  alfo  faturates  the  free  foda;  and  it  is 
probable  that  this  change,  which  is  inftantly  produced 
by  the  infpiration  of  the  oxygenated  muriatic  acid, 
is  greatly  promoted  by  the  increafed  temperature  of 
the  fever  in  violent  catarrhs. . 

CXXIV.  OF  SALIVA. 

§ DCCCCLXXXVIl.  The  faliva  is  feparated 
from  the  blood  of  animals  in  the  falivary  glands,  and 
carried  by  different  duBs  to  the  mouth,  where, 
by  mixing  with  the  nutriment,  during  maftication,  it 
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cither  renders  it  fit  for  digeftion,  or  diffolves  it  to  ex- 
cite rts  irritable  power  upon  the  tongue.  Saliva,  in 
a pure  and  healthful  ftate,  is  a fpumy,  colourlefs,  in- 
fipid,  inodorous  humour,  which  fpeedily  putrefies  on 
cxpofure  to  a warm  atmofphere. 

5 DCCCCLXXXVIII.  When  recent  it  does  not 
change  the  colour  of  fyrup  of  violets,  nor  does  it 
in  Other  refpefts  indicate  the  leall  property  of  a free 
acid  or  alkali.  It  is  pretty  well  di*{folved  in  water. 
Alcohol  caufes  it  to  coagulate.  It  does  not  enter  into 
combination  with  fat  oils. 

^ DCCCCLXXXIX.  It  coagulates  when  cdm- 
bined  with  a fmall  proportion  of  acids,  but  a greater 
quantity  of  acid  dilfolves  it.  It  is  alfo  diffolved  by 
mild  alkalis,  but  cauftic  alkalis  and  quicklime  fepa- 
rate  a fmall  portion  of  ammoniac  from  it. 

§ DCCCCXC.  Saliva  affords,  by  diftillation  on 
the  water-bath,  an  infipid  and  inodorous  phlegm,  which 
amounts  to  more  than  four-fifths  of  the  faliva,  and  is 
very  liable  to  putrefadlion.  The  refiduum  is  a white 
fliining  brittle  mafs,  from  which,  by  a ftrong  fire, 
we  obtain  the  ufual  produfifs  of  animal  bodies. 

f DCCCCXCI.  Although  the  experiments  hitherto 
made  on  faliva  do  not  furnifli  us  with  an  accurate 
knowledge  of  its  couftituent  parts,,  yet,  from  what 
we  know,  it  is  probable  that  in  this  refpefil  it  agrees 
for  the  moll  with  mucus,  and  that  it  chiefly  differs 
from  this  body  in  containing  a greater  quantity  of 
water. 
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CXXV.  OF  PUS. 

§ DCCCCXCII.  Pus  is  a yellowifli  white  hu» 
inour,  thick,  iinduous,  and  opaque,  generated  in 
every  part  of  the  animal  body  by  a peculiar  preter- 
natural change.  It  cannot,  therefore,  be  confidered 
as  a conllituent  part  of  a healthful  animal  body,  but  it 
is  fo  very  fimilar  to  mucus,  in  appearance,  that  not 
xinfrequently  we  find  it  difficult  to  diftinguifh  one 
from  the  other. 

§ DCCCCXCIII.  Pus,  when  frefii,  and  of  a good 
quality,  is  inodorous  and  mild  to  the  tafle.  It  pro- 
duces no  change  upon  the  juice  of  violets,  nor  does 
it,  in  other  rdpefits,  indicate  the  prefence  of  a free 
acid  or  alkali.  On  expofure  to  a moderate  tempera- 
ture, it  fpeedily  undergoes  the  acid  fermentation, 
and  reddens  the  tinfilure  of  violets  and  of  the  fun- 
flower.  Finally,  this  acid  pus  putrefies,  efpecially 
in  .the  open  air , ammoniac  is  then  developed,  and  a 
fetid  liquor  remains.  Pus  frequently  undergoes  thefe 
two  changes  in  the  animal  body. 

5 DCCCCXCIV.  Pus  is  infoluble  in  water,  and, 
when  rubbed  or  agitated  w'ith  it,  it  forms  fimply  a 
milky  fluid,  from  which  the  pus  is  difengaged  by  reft. 
Though  alcohol  caufes  it  to  coagulate,  by  depriving 
it  of  its  water,  yet  it  is  by  no  means  diffolved,  nor 
have  fat  oils  any  greater  efFefil  upon  it;  but  it  may 
be  combined  in  any  proportion  with  animal  jelly, 
mucus,  and  ferum  of  blood. 
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} DCCCCXCV.  Diluted  mineral  acids  aS  but 
(lightly  upon  it,  but  concentrated  acids  dilTolve  it. 
TheCe  folutions  are  decompofed  on  the  addition  of 
water,  when  the  pus,  fcarcely  changed,  is  precipi- 
ta-Uid,  According  to  Bergmann  it  is  infoluble  in 
mild  alkalis.  With  the  cauftic  alkalis  it  forms  a te- 
nacious gelatinous  liquid,  from  which  the  pus  may 
be  difengaged  by  acids. 

§ DCCCCXCVI.  It  affords,  by  diftillation  on  a 
water-bath,  an  infipid  inodorous  phlegm,  and  a 
brownilh  infpiffated  matter  remains.  When  treated 
by  a ffronger  heat,  we  obtain  the  common  produ6ls 
of  animal  fubftances. 

§ DCCCCXCVII.  The  proximate  principles  of  pus 
cannot  be  determined  from  the  experiments  juft  re- 
lated, and  remain,  therefore,  as  yet  unknown.  It  is 
obvious,  likewife,  how  difficult  it  is  to  diferiminate 
juftly  between  mucus  and  pus.  The  latter,  however, 
has  this  diftinguiffiing  property,  that  it  undergoes  the 
acid  fermentation,  while  the  former  becomes  putrid, 

§ DCCCCXCVIII.  To  confirm  and  determine 
the  diftin6lion  between  pus  and  mucus,  which  was 
Brft  noticed  by  Salmuth,  Mr*  Grafmeyer  has  lately 
propofed  the  following  experiment.  The  fubftance 
to  be  examined  is  mixed  by  trituration  with  an  equal 
part  of  tepid  water,  a faturated  folution  of  perfeftly 
aerated  pot-afh,  equal  in  weight  to  the  fubftance,  is  then 
added,  and  the  mixture  is  gently  agitated  and  put 
ctftde.  Now,  if  the  mixture  under  examination  be 
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pus,  *or  mixed  with  it,  it  will  difengage  at  leaft,  in  the 
courfe  of  a few  hours,  a tranfparent  tenacious  jelly ; 
on  the  contrary,  if  the  mixture  contain  no  pus,  it 
will  remain  unchanged. 

exxvi.  OF  SEMEN. 

§ DCCCCXCIX.  The  fernen  of  a man  in  health, 
at  the  moment  it  iffues  from  the  body,  appears  under 
a two-fold  form;  one  part  is  a milky  liquid,  the  other 
a thick  tenacious  mucilaginous  fubllance.  It  has  a 
peculiar  fmell,  and  its  talle  is  acrid  and  irritating. 
When  perfefliy  frefli,  it  changes  the  juice  of  violets 
green,  and  decompofes  earthy  and  metallic  falts. 

5 M.  As  foon  as  the  fernen,  after  its  difeharge,  has 
acquired  the  temperature  of  the  atmofphere,  it  be- 
comes more  opaque,  and  obtains  a greater  degree  o£ 
xonfiltcnce;  but,  in  the  courfe  of  a few  hours,  its 
fluidity  returns,  and  it  becomes  even  clearer  and 
jnore  fluid  than  before.  As  its  weight  is  not  increafed, 
this  change  is  neither  owdng  to  the  attraction  of  hu- 
midity, nor  the  ablbrption  of  oxygen. 

5 MI.  A few  days  after  it  has  undergone  this 
change,  it  depofits  partly  tranfparent  rhomboidal  and 
partly  opaque  foliated  cryftals,  which  are  both  phof- 
phate  of  lime.  The  fernen,  at  the  fame  time,  be- 
comes thick,  and  at  length  dries  into  a corneous 
fubftance. 

§ MIL  Semen,  when  freih,  is  perfedtly  infolublc 
ii\  water ; but,  after  it  has.  undergone  the  change 
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above  mentioned, lit  combines  with  it  with  facility. 
This  folution  is  promoted  by  alkalis,  but  alcohol  and 
the  oxygenated  muriatic  acid  again  feparate  the  fernen 
in  the  form  of  white  flocculi. 

5 Mill.  By  the  diftillation  of  fernen  we  obtain  a 
fmall  portion  of  empyreumatic  oil,  ammoniac,  and  a 
refidual  coal,  of  which  the  afhes  contain  foda  and 
phofphate  of  lime.  Semen  is  foluble  in  all  acids,  ex- 
cept the  oxygenated  muriatic  acid,  which  coagulates 
it  in  white  flocculi. 

§ MIV.  The  conftituent  parts  of  fernen,  as  appears 
from  the  preceding  experiments,  are  water,  animal 
mucilage,  foda,  and  phofphate  of  lime,  and  in  the 
following  proportion : loo  parts  of  fernen  contain 
gö  parts  water,  6 parts  mucilage,  i part  phof- 
phate of  lime,  and  3 parts  of  pure  lime.  But 
this  knowledge  of  the  conftituent  parts  of  fernen  does 
not  enable  us  by  far  to  account  for  every  one  of  thofe 
remarkable  phenomena  which  we  obferve  in  it, 

CXXVII.  OF  FAT. 

J MV.  Fat,  as  to  its  confiftence  and  colour,  dif- 
fers not  only  in  various  fpecies  of  animals,  but  even 
in  the  fame  animal,  according  to  the  part  of  the  body 
from  which  it  is  obtained.  Thus,  in  general,  the 
fat  of  amphibious  animals  and  filhes  is  nearly  fluid; 
and  in  fruQivorous  animals'  it  is  more  folid  than  in 
thofe  which  live  upon  flefh.  The  fat  under  the  fkin 
and  near  the  kidneys  is  alfo  more  folid  than  that 
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of  the  bowels.  In  adult  animals  it  is  more  folid  than 
■in  young  ones,  It  has  different  names  according 
to  its  external  appearance,  and  the  part  and  fpecies 
of  the  animal  from  which  it  is  taken ; thus  we  have 
lard,  marrow,  whale-oil,  fpermaceti.  See. 

§ MVI.  The  chemical  properties  of  animal  fat, 
purified  from  all  heterogeneous  matter,  are  perfectly 
analogous  to  thofe  of  expreffed  vegetable  oils.  It  is 
inodorous  and  of  a mild  tafle.  It  melts  by  a gentle 
heat,  and  is  infpilfated  when  cooled.  It  becomes 
rancid  by  age,  and  forms  foaps  with  cauftic  alkalis. 

^ MVI  I.  If  fat  be  diftilled  from  a retort,  it  becomes 
highly  intumefeent,  and  we  obtain  an  acidulous 
phlegm,  an  empyreumatic  oil,  and  a very  corifidera- 
ble  quantity  of  hydrogen  and  carbonic  acidgaz;  the 
refiduum  is  a fhining  coal,  not  eafily  incinerated,  the 
afhes  of  which  contain  pure  lime  and  phofphate  of 
lime.  The  oil  obtained  in  this  manner  is  of  greater 
confiftence,  and,  like  vegetable  empyreumatic  oils,  is 
rendered  more  fluid,  more  colourlefs,  and  fimilar  to 
volatile  oils  by  repeated  diflillatioii.  When  perfetdly 
limpid,  it  is  termed  Dippefs  animal  oil. 

5 MVI  1 1.  This  oil  is  obtained  more,  readily  by 
difiilling  the  brown  oil  over  a gentle  fire,  or  mixed 
with  water;  but,  in  introducing  the  oil  into  the  re- 
tort, the  operator  fhould  be  careful  that  no  part  of 
it  adheres  to  the  neck.  This  oil  cannot,  however,  be 
long  preferved,  for,  unlefs  the  veflel  be  very  well 
clofed,  it  iofes  its  wbitenefs  in  a fhon  time. 
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J MIX.  The  acid  obtained  during  thefirft  diftilla»- 
don  oFthe  oil,  and  alfo  during  its  redification,  differs 
efTentially  from  all  the  reft;  whence  it  is  termed  the 
febacic  acid.  In  order  to  obtain  it  in  a purer  and 
more  concentrated  ftate,  we  faturate  it  with  pot-afh, 
and  calcine  the  fait,  thus  produced,  till  all  adhering  fat 
is  confumed.  We  then  add  half  its  weight  of  fulphu- 
ric  acid,  and  re-diftil  the  mixture  over  a gentle  fire, 
by  which  means  the  fulphuric  acid  combines  with  the 
pot-afli,  and  pure  febacic  acid  flows  into  the  re- 
ceiver. 

§ MX.  The  febacic  acid  may  alfo  be  feparated 
from  fat  dire6lly,  which  proves  that  it  exifts  in  it 
ready  formed.  For  this  purpafe  melt  fat  or  tallow  by 
a gentle  heat,  ftir  it,  and  add  a third  of  its  weight  of 
quicklime,  which  thus  combines  wfth  the  febacic 
acid.  The  mafs  is  then  boiled  in  a confiderable  quan- 
tity of  water  to  diffblve  the  neutral  fait  formed  by  the 
feb'acic  acid  and  the  quicklime,  which  being  done,  the 
remaining  fat  and  the  quicklime  not  diftblved  arc 
feparated  by  filtration.  Finally,  after  the  lixivium  is 
evaporated  to  drynefs,  the  fait  obtained  is  (lightly  cal- 
cined and  diftilled  MIX.)  with  fulphuric  acid. 

§ MXI.  Pure  febacic  acid,  combined  with  alkalis 
and  alkaline  earths,  forms  neutral  falts  not  unlike 
thofe  of  the  acetic  acid.  It  diflblves  pure  gold, 
and  beft  when  in  the  ftate  of  oxide,  forming  a 
cryftallizable  metallic  fait  with  it.  Its  effe^f  upon 
filver  and  mercury  is  the  fame.  It  precipitates  lead 
from  the  nitric  and  acetic  acidsj  and  tin  from  aqua 
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regia.  When  treated  with  alcohol  it  forms  true  fe- 
bacic  ether.  • 

^ MXII.  From  what  precedes,  it  is  obvious  that 
the  different  kinds  of  animal  fat  may  be  confidered  as 
true  acid  foaps  DCCLIV.)  compofed  of  thefebacic 
acid  and  fixed  animal  oil.  The  febacic  acid  may 
be  changed  into  the  acid  of  fugar  by  treating  it  with 
the  nitric  acid. 

\ 

5 MXII  I.  To  the  different  fpecies  of  animal  fat, 
we  may  add  cerumen  and  civet;  the  former  is  proba- 
bly a true  fat,  rendered  bitter  and  rancid  by  iheaccefs 
of  air  and  heat.  The  diftinguifliing  property  of  the 
latter  is  a ftrong  balfamic  fmell. 

CXXVIII.  OF  EGGS. 

§ MXIV.  A bird’s  egg,  when  minutely  examined, 
appears  to  confift  of  five  parts;  i,  the  fliell ; 2,  'the 
pellicle;  3,  the  white;  4,  the  bread;  5,  the  yellow 
or  yolk.  The  fliell  is  compofed  of  calcareous  earth 
and  pbofpbate  of  lime,  united  by  an  animal  gluten. 
It  is  very  difficult  therefore  to  diflblve  an  egg-fliell 
direftly  in  concentrated  acids,  but  if  thefe  be  diluted 
and  digefied  upon  it,  the  folution  is  perfect,  and  the 
gluten  is  feparated,  and  forms  a diflinfl  ftratum. 

§ MXV.  White  of  egg  agrees  in  its  chemical 
properties  with  the  ferum  of  blood  and  the  cheefy 
part  of  milk.  It  changes  the  fyrup  of  violets  green. 
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and  putrefies  in  a fhort  time  when  left  to  itfelf.  At 
the  temperature  of  boiling  water  it  becomes  a ge- 
latinous mafs,  which,  by  a continued  moderate  heat^ 
or  in  the  open  air,  dries  into  a tranfparent  corneous' 
fubftance.  If  this  operation  be  performed  in  clofe 
veffels,  on  a water  bath,  we  obtain  an  infipid  phlegm 
which  fpeedily  putrefies.  When  diftilled  by  an  in- 
tenfer  heat,  it  affords  carbonic  acid  gaz,  hydrogen 
gaz,  an  empyreumatic  oil,  and  ammoniac.  The  refi- 
duum  is  a coal,  of  which  the  afhes  contain  phofphate 
of  lime  and  foda. 

§ MXVI.  White  of  egg,  if  recent,  is  foluble  in 
water,  but  infoluble  when  hard.  It  coagulates  in  all 
acids,  and,  if  the  coagulum  be  feparated  by  filtration, 
we  obtain,  on  evaporating  the  remaining  liquid,  a neu- 
tral fait,  formed  of  the  acid  employed,  and  foda  ; alco- 
hol likewife  coagulates  the  white  of  egg.' 

^ MXVI  I.  The  yolk  confifts  principally  of  white 
of  egg,  combined  with  a fixed  animal  oil  and  fome 
jelly.  Hence  it  is  partly  foluble  in  water,  with  which 
it  forms  a kind  of  vegetable  emulfion.  It  hardens  on 
expofure  to  fire,  but  becomes  merely  a friable  mafs, 
from  which,  when  gently  torrefied,  we  may  exprefs  the 
oily  fubftance  termed  oil  of  eggs ; which  is  firnilar  to 
an  infpiffated  fixed  vegetable  oil,  but  becomes  rancid 
in  a fhort  time.  What  remains  after  expreffion  is  the 
coagulable  part  of  the  yolk.  The  yolk  of  eggs  is 
partly  coagulated  by  acids  and  alcohol.  It  affords 
by  dry  diflillation  the  produHs  of  all  animal  bo^ 
dies. 
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§ M XVII I.  The  pellicle  or  membrane  of  the  egg 
agrees  with  the  fibrous  part  of  tlood.  As  for  the 
tread,  it  only  differs  from  the  white  of  egg  by  its 
greater  confidence, 

CXXIX.  OF  THE  WHITE  AND  SOFT 
PARTS  OF  ANIMALS. 

§ MX IX.  The  fl^in,  the  cartilages,  the  tendons, 
the  ligaments,  the  cellular  membrane,  the  nerves.  See. 
are  chemically  confidered  the  fame;  and  it  is  pro- 
bable that  they  differ  from  each  other  merely  in  their 
organic  flructure.  They  are  partly  diffolved  when 
boiled  in  water;  and,  if  this  procefs  be  extended  till 
the  water  is  rendered  incapable  of  diffolving  any 
thing  more,  a fibrous  fubftance,  fimilar  to  the  fibrous 
part  of  blood,  remains. 

§ MXX.  If  the  water  in  which  the  animal  parts 
above-mentioned  were  boiled  be  evaporated,  and 
afterwards  cooled,  it  becomes  an  elaftic  tranfparent 
niafs,  termed  animal  jelly  or  mucilage.  But,  if  the 
evaporation  be  extended,  the  fubftance  obtained  is 
corneous,  opaque,  and  brittle,  called  animal  glue. 

§ MXXL  Jelly,  when  pure  and  frefii,  is  infipid 
and  inodorous.  It  is  incapable  of  burning,  and, 
when  left  to  itfelf,  it  becomes  firft  acid,  and  fliortly 
after  putrid.  It  is  infoluble  in  alcohol,  but  water 
diffolves  it  in  any  proportion.  It  affords,  by  diflilla- 
tion  on  a water-batb^  an  infipid  phlegm,  and  dry  glue 
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remains,  which,  when  diftilled  by  an  intenfer  heat  on 
the  fand-batb,  yields  ammoniac  and  an  empyreumatic 
oil.  The  refiduum  is  a coal,  which  is  with  difficulty 
reduced  to  affies,  containing  common  fait  and  phof- 
phate  of  lime.  Jelly  is  perfeQly  foluble  in  acids  and 
alkalis,  and  the  nitric  acid  difengages  a great  quantity 
of  nitrogen  gaz  from  it. 

5 MX XII.  The  white  and  foft  parts  of  animals 
eonfift,  therefore,  principally  of  jelly  and  the  fibrous 
part  of  blood.  But  jelly  differs  in  folubility  and 
colour,  according  to  the  part  from  which  it  is  pre- 
pared. 

CXXX.  OF  MUSCLES. 

^ MX XIII.  A mufcle  or  flefh  is  mechanically 
compofed,  and  confifts  of  a cellular  membrane,  whole 
interftices  are  filled  with  folid  and  fluid  parts,  but  fo 
minutely  divided  that  they  cannot  be  feparated  except 
by  chemical  means.  Flefii,  it  thus  appears,  confifls 
properly  of  a fibrous  fubftance,  jelly,  white  and  red 
ferum  of  blood,  fat^  a peculiar  extraftive  matter, 
and  falts. 

5 MX XIV.  Flefh  affords,  by  diltilladon  on  the 
water  bath,  an  infipid  phlegm,  which  putrefies  very 
fpeedily;  and  it  remains  dry  in  the  retort.  When 
urged  by  a ftronger  fire,  it  yields  an  ammoniacal 
phlegm,  an  empyreumatic  oil,  and  dry  mild  ammoniac. 
The  refiduum  is  a coal,  the  affies  of  which  contain  a 
fmali  portion  of  foda,  and  muriate  of  fodaor  pot-afli. 
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§ MX XV.  But,  that  the  conftituent  parts  of  ßefb 
may  be  feparated  and  individually  exhibited,  we 
fliouid  proceed  in  the  following  manner  ; the  flefh  is 
wafhed  in  cold  water  as  long  as  it  affords  any  colour- 
ing matter,  the  remainder  is  then  digeiled  in  alcohol, 
and  thoroughly  boiled  in  water.  The  hrft  water  re- 
ceives the  ferum  of  blood,  which  may  be  coagulated 
and  feparated  by  flow  evaporation.  The  evapora- 
tion being  protraöed,  we  obtain  part  of  the  falts ; the 
alcohol  diffolves  the  remaining  iklts,  and  the  extradfive 
matter.  Finally,  the  jelly  and  fat  are  extracted 
during  the  laft  operation,  when  a mere  mufcular 
fibre  rem.ains. 

§ MX XVI.  The  properties  of  ferum  of  blood, 
jelly,  fat,  and  the  fibrous  fubftance  are  already  known, 
but  we  are  lefs  acquainted  with  the  extraflive  part 
of  flefh,  as  it  is  called.  This  fubfiance  is  foluble  both 
in  alcohol  and  water;  its  taffe  is  acrid  and  fomewhat 
bitter,  and  its  fmell  aromatic,  which  increafes  when 
ftrongly  evaporated,  and  approaches  at  laft  to  that 
of  burnt  fugar,  as  we  may  obferve  on  the  outfide 
of  roafted  meat.  Our  knoudedge  of  the  falts  is 

equally  limited  and  uncertain,  though,  from  what 
we  know,  it  appears  probable  that  they  chiefly  con- 
fift  of  phofphate  of  lime  and  calcareous  earth, 

CXXXI.  OF  BONES. 

^ MXXVII.  Bones,  horns,  claws,  and  other  fo- 
lid  conffituents  of  red-blooded  animals,  confift  for 
the  moft  part  of  jelly,  a fmail  portion  of  fat,  and  an 
earthy  neutral  fait,  compofed  of  a peculiar  acid,  the 
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phofphoric  acid,  and  calcareous  earth.  The  jelly 
and  fat  may  be  obtained  by  boiling,  in  the  fame 
manner  as  from  the  white  and  foft  animal  parts;  the 
earth  in  that  cafe  remains  behind.  The  hartfhom 
thus  obtained  was  formerly  termed  cornu  cervi  phi- 
lofophice  preparatim.  This  decobtion  of  bones  is  bell 
effected  in  a papinian  machine. 

5 MXXVIll.  If  bones  be  diitilled  by  a llronger 
fire,  without  any  additional  body,  we  obtain,  befides 
a great  quantity  of  hydrogen  gaz  and  carbonic  acid 
gaz,  a volatile  alkaline  liquid,  already  combined  in 
fome  meafure  with  empyreumatic  oil,  likewife  pure 
empyreumatic  oil,  and  dry  mild  ammoniac.  The  re- 
fiduum  is  a coal,  which  it  is  extremely  difficult  to 
incinerate.  The  alkaline  liquid,  obtained  from 
hartffiorn  as  before  mentioned,  is  termed  by  apo- 
thecaries fpirit  of  hartfliorn,  the  alkaline  fait,  fait 
of  hartffiorn,  and  the  calcined  jefiduum,  burnt 
hartffiorn. 

5 MX XIX.  Bones,  deprived  of  all  jelly  and  fat 
by  calcination,  furnifh,  when  waflied  in  cold  water, 
a fmall  quantity  of  foda,  and,  if  boiling  water  be  ufed, 
alfo  an  inconfiderable  portion  of  gypfum ; what  re- 
mains is  phofphate  of  lime  only,  from  which  the  acid 
may  be  difengaged  in  the  following  manner:  three  parts 
of  diluted  fulphuric  acid  are  affufedupon  four  parts  of 
pulverized  affies  of  bones  while  continually  llirred;  by 
this  means-,  the  fulphuric  acid  combines  with  the  cal- 
careous earth,  and  difengages  the  phofphoric  acid.  If 
the  mafs  be  now  repeatedly  waffied  in  water,  and  the 
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lie  (lowly  evaporated,  the  fulphate  of  lime,  which 
dill  adhered,  will  be  gradually  expelled,  and  at 
lall  phol'phoric  acid,  in  a dry  and  vitreous  form,  is 
obtained. 

^ MX XX.  Or  earth  of  bones,  being  perfeflly 
dilfolved  in  nitric  acid,  fulphuric  acid,  is  added  by 
drops  till  precipitation  ceafes.  On  feparating  the 
fulphate  of  lime,  we  have  thus  a mixture  of  phofpho- 
ric  and  nitric  acids,  from  which  the  latter  may  be 
difengaged  by  diftillation. 

§ MXXXI.  But,  to  obtain  the  phofphoric  acid 
perfeflly  free  from  calcareous  earth  and  phofphate 
of  lime,  it  is  completely  faturated  with  ammoniac ; 
the  precipitated  calcareous  earth  is  then  feparated  by 
filtration,  and,  after  the  lie  is  perfeflly  evaporated, 
the  ammoniac  and  fulphate  of  ammoniac,  if  any  be 
prefent,  are  expelled  by  calcination. 

5 MX XX II.  Pure  phofphoric  acid  appears  in  a 
Vitreous  (late  ; but  it  readily  attraäs  the  humidity  of 
the  atmofphcrc,  and  becomes  a colouiiefs  and  ino- 
dorous liquid.  It  is  very  fixed  in  the  fire,  and  fu- 
fes  by  an  intenfe  licat  into  glafs,  foluble  in  water, 
u.nlefs  it  contain  calcareous  earth  or  fulphate  of 
lime,  the  glafs,  in  that  cafe,  is  infoluble.  It  pro- 
du5  :es  no  eifedt  upon  filex,  but  acls  upon  glafs. 

^ MXXXIII.  Phofphoric  acid,  faturated  with 
pot-afh,  forms  a neutral  fait,  viz.  phofphate  of  pot- 
alli,  which  (hoots  into  tctracdral  prifmatic  cryftals 
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with  fimilar  extremities.  This  fait  remains  dry  in  the 
atmofphere;  it  readily  diffolves  in  water;  and  on 
burning  charcoal  it  fwells  and  becomes  a vitreous 
mafs. 

§ MXXXIV.  Phofphoric  acid,  combined  with 
foda,  forms  phofphate  of  foda,  a neutral  fait,  which^ 
cfpecially  if  fuperfaturated  with  foda,  fhoots  into 
prifmatic  rhomboidal  cryftals,  efflorefcent  in  the  at- 
mofphere, and  of  a faline  tafle,  fimilar  to  that  of 
culinary  fait.  It  requires  three  parts  of  cold  water 
and  one  and  a half  part  of  boiling  water  for  perfe^ 
folution.  It  fwells  on  expofure  to  the  fire,  and  melts 
into  a vitreous  mafs. 

} M X X XV.  When  faturated  with  ammoniac  it  con- 
flitutes  the  neutral  fait  termed  phofphate  of  ammoniac, 
which  fhoots  into  prifmatic  rhomboidal  cryftals,  un- 
changeable in  the  atmofphere,  of  a bitter  and  cod- 
ing tafte,  perfeftly^foluble  in  fix  parts  of  cold  water, 
and  decompoundable  in  the  fire,  for  the  ammoniac 
efcapes,  and  phofphoric  acid  remains. 

§ M XX XVI.  Phofphate  of  pot-afh  is  decompofed 
by  quicklime,  which  forms  in  all  cafes,  when  com- 
pletely faturated  with  the  phofphoric  acid,  a neutral 
fait  almofl  infoluble  in  water,  vi^.  phofphate  of  lime ; 
but  this  fait  may  be  fuperfaturated  by  digeftion  in 
phofphoric  acid,  in  which  cafe  it  is  foluble  in 
water  and  fhoots  into  lamellated  cryftals.  The  mild 
alkalis  decompofe  phofphate  of  lime,  by  double  affi- 
nity. Fire  does  not  change  it,  and  aji  intenfe  heat 


350 

is  requifite  to  melt  it  into  glafs,  which  is  fomewhat 
yellow. 

§ MXXXVIL  Phofphate  of  baryt  is  almoft  info- 
luble  in  water,  and,  confequently,  uncryftallizable ; 
in  other  refpects  it  is  fimilar  to  phofphate  of  lime. 
Phofphate  of  magnefia  is  alfo  difficultly  foluble  in 
water,  and  the  folution  when  evaporated  affords  gene- 
rally a gummy  mafs  only ; it  rarely  forms  minute 
acicular  cryftals,  which  efflorefce  in  the  atmolphere. 

It  fufes  into  a tranfparent  glafs,  when  expofed  to  fire. 
Phofphate  of  alumine  liquefies  in  the  air,  and  is  more  ^ 
eafily  diffolved  in  water  ; its  cryftallization,  however, 
is  almoft  ineffedual,  and  it  merely  forms  a gummy 
mafs.  It  equally  melts  into  a tranfparent  glafs  on  ex- 
po fu  re  to  the  fire. 

§ MXX XVIII.  The  phofphoric  acid  precipitates 
various  metals  from  their  folutions,  forming  infolu- 
ble  neutral  falls  with  them;  thus  mercury  is  precipi- 
tated from  the  nitric  acid  of  a red,  and  filver  and 
lead  of  a white  colour. 

CXXXII.  OF  PHOSPHORUS. 

^ MX XXIX.  The  bafts  of  the  phofphoric  acid  is  a 
peculiar  inflammable  body,  termed  phofpborus, 
which  has  not  hitherto  been  decompounded.  To 
obtain  it  in  a pure  ftate,  the  phofphoric  acid  is  de- 
compofcd  by  means  of  a body  which  has  a greater 
affinity  with  the  oxygen  than  the  phofpborus,  for  in- 
ftance,  carbon.  Hence,  if  pure  phofphoric  acid,  phof- 
phate of  foda,  phofphate  of  am.moniac,  or  phof- 
phate of  lead,  be  mixed  wdth  powdered  carbon^  and 
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diftilled  from  a retort  with  Woulfe’s  apparatus, 
phofphorus  will  be  obtained;  for,  the  oxygen  of  the 
phofphoric  acid  combines  with  the  carbon,  and 
forms  carbonic  acid,  which  is  developed  at  the  fame 
time. 

§ MXL.  The  moft  convenient  method  for  obtain- 
ing phofphorus  is  as  follows : phofphoric  acid,  eva- 
porated to  the  confiftence  of  fyrup,  is  mixed  over 
fire  w^ith  pulverized  carbon,  till  the  mafs  becomes 
dry;  it  is  then  kept  upon  the  fire  and  continually 
ftirred  till  the  bottom  of  the  veffel  begins  to  be  red  hot. 
We  now  introduce  the  mixture  into  a porcelain  retort 
with  a wdde  neck,  place  it  into  a reverberatory  fur- 
nace, and  apply,  for  the  purpofe  of  a receiver,  a large 
retort  inverted,  fo  that  its  bottom,  in  which  we  pre- 
vioufly  bore  a hole,  turns  upwards.  This  retort  is 
filled  to  the  curve  of  the  neck  with  water.  If  the 
experiment  be  made  in  the  large  way,  we  make  ufe 
of  a copper  receiver  of  the  fame  fhape, 

§ MXLI.  The  heat  applied  at  firft  fhould  be  but 
moderate,  but  flowly  increafed  till  the  retort  be- 
comes red  hot.  The  firlt  produ6l  is  a great  quantity 
of  carbonic  acid  gaz,  which  frequently  contains  pruffic 
acid  gaz,  and,  if  the  pholphoric  ‘acid  be  impure,  vo- 
latile fulphureous  acid  gaz ; the  next  produÖ:  is  hy- 
drogen gaz,  which  contains  already  phofphorus  in 
a date  of  folution.  At  lad  phofphorus  appears  in 
the  form  of  a butyraceous  mafs,  which  either  falls 
into  the  water  in  tears,  or,  if  the  fire  be  not  fuffi- 
ciently  ftrong,  adheres  to  the  neck  of  the  retort.  The  re- 
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fiduum  confifls  of  the  fupcrabundant  coal,  and 
frequently  of  a fmall  portion  of  glafs  of  phofphorus 
in  cryftals, 

J MX  LI  I.  To  render  the  phofphorus,  thus  obtained, 
ftill  purer,  it  is  difiblved  in  hot  water,  and  preffed 
through  a piece  of  leather.  This  phofphorus  is  femi- 
tranfparent,  as  white  as  fnow,  and  of  the  confiftence 
of  wax  ; it  melts  at  the  temperature  of  -I-  36°,  and  may 
be  obtained  in  bright  foliated  cryftals,  when  .flowly 
cooled.  At  the  temperature  of  + 83%  it  volatilizes 
in  luminous  vapours,  and  at  + 232“  it  begins  to  boil. 
But  to  avoid  inflammation  thele  experiments  fliould 
be  made  in  a vacuum. 

5 MX  LI  II.  Phofphorus,  on  expofure  to  the  at- 
mofphere,  burns  flowly,  with  luminous  vapours ; 
and  in  the  end  nothing  remains  but  an  acidulous  li- 
quor, which  is  the  phofphorous  acid.  This  acid 
differs  principally  from  the  phofphoric  acid  in  its 
fetid  fmell,  its  almofl:  perfeft  volatility,  and  in  its  form- 
ing with  pot-afli  or  foda  a cryftallizablc,  and  with 
ammoniac  an  uncryflallizable  neutral  fait.  If  phof- 
phorus be  expofed  to  a higher  temperature,  in  con- 
tact with  the  atmol’phere,  it  burns  rapidly  with  a 
white  flame,  and  phofphorous  acid  remains.  The 
red  fubftance  w hich  is  frequently  left  in  the  latter 
cafe,  and  which,  together  with  pure  phofphorus,  is 
alfo  obtained  in  the  diflillation  of  phofphorus, 
a true  oxide. 

§ MXLIV.  Though  phofphorus  be  infoluble  in 
water,  yet  it  becomes  opaque  in  it^  and.  is  partly 
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changed  into  phofphoric  acid.  Spirit  of  wine  only 
difToIves  it  in  a fmall  proportion,  but  changes  it  into 
a tranfparent  oil, «which,  by  wafhing  in  water,  regains 
its  former  folidity.  But  it  is  perfe6Uy  foluble  in 
ether,  volatile  and  fixed  oils,  to  which  it  communi- 
cates a luminous  property.  Phofphorus  decoinpofes 
all  acids,  and  if  nitric  acid  be  treatedwith  it  in  fire, 
it  is  changed  into  pure  phofphoric  acid. 

J MXLV.  The  cauftic  alkalis  diflblve  it;  and  if 
the  folution  be  made  under  water,  a confiderable 
quantity  of  hydrogen  gaz  is  developed,  which  con- 
tains phofphorus  in  a ftate  of  folution,  and  owes  , 
its  formation  to  the  decompofition  of  the  water. 
This  phofphorated  hydrogen  gaz  has  a very  fetid  fmell, 
which  refembles  that  of  putrid  fifii ; it  inflames  as  foon 
as  it  comes  into  contaft  withatmofpheric  air,  andcaufes 
violent  explofions  when  mixed  with  oxygen  gaz. 

} MXLVI.  Phofphorus  and  fulphur  may  be  com- 
bined in  any  proportion ; but  this  compofition  does 
not  always  appear  under  the  fame  form.  If  equal 
parts  of  fulphur  and  phofphorus  be  combined  by  a 
moderate  heat,  we  obtain  a mafs  which  remains  fluid 
at  4°  of  Reamur,  and  a compofition  of  one  part  phof- 
phorus and  one  half  part  fulphur  requires  no  more  than 
8*  to  become  fluid.  But,  if  two  parts  of  fulphur 
be  combined  with  one  part  of  phofphorus,  the  mix- 
ture remains  folid  even  at  a temperature  of  from  12 
to  15°.  Thefe  compofitions  are  moreover  very  in- 
flammable when  in  coma6l  with  atraofpheric  air. 
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§ MXLVIL  Phofphorus  combines  in  the  dry  way 
with  ali  metals  and  femimetals ; to  this  end  the  glafs 
of  phofphorus  fhould  be  melted  with  the  metals,  which 
are  thus  deprived  of  their  malleability,  and  become 
brittle.  All  thofe  metallic  phofphorets  are  decom- 
pounded in  the  fire,  when  the  phofphorus  efcapes. 

§ MXLVIII.  Phofphoret  of  iron  mixed  with  pure 
iron  renders  it  cold  fhort  (kaltbriichig).  If  fuch  iron 
be  diffolved  in  acids,  the  phofphorus  is  changed  into 
phofphoric  acid,  and  remains  in  combination  with 
the  iron  in  the  form  of  a white  powder,  which  was 
formerly  termed  fyderite,  and  is  a true  phofphate  of 
iron. 

^ MXLIX.  If  a piece  of  phofphorus  be  thrown 
into  a folution  of  gold,  filver,  copper,  &c.  the  metals 
are  precipitated  in  a metallic  ttate,  and  the  phofpho- 
^us  is  covered  with  a brilliant  metallic  cruft.  In 
he  dry  way  it  reduces  arfenic  in  the  fame  manner. 

CXXXIII.  OF  HAIR,  FEATHERS,  AND 
SILK. 

§ ML.  The  hair  of  animals,  which,  according  to 
their  length,  ftrength,  Szc.  are  termed  hair,  briftles, 
or  wool,  differ  in  their  chemical  compofition  both 
from  bones  and  the  w^hite  and  foft  animal  parts;  they 
j contain  but  a fmall  portion  of  jelly,  fat,  and  lymph, 
and  appear  principally  compofed  of  the  fibrous  part 
of  mufcles.  When  boiled  in  water  only  an  inconfi- 
derable  part  of  them  is  diffolved,  which  is  the  jelly. 
The  mild  alkalis  have  no  aöion  upon  them;  cauftic 
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alkalis,  on  the  contrary,  difTolve  them  completely 
Acids  difiblve  thefe  fubftances  by  the  aid  of  heat, 
which  folutions  are  decompofed  by  water,  the  fub- 
ftances being  precipitated  in  the  form  of  white  flakes. 
They  afford  by  dry  diftillation  the  general  produ6ls 
of  animal  bodies, 

§ MLI.  Feathets  chemically  confidered  differ  merely 
from  the  fubftancesabove  mentioned  in  containing  a ftill 
fmaller  proportion  of  fat  and  jelly.  The  quills,  how- 
ever, approach  more  to  the  nature  of  horn,  and  be- 
come harder  and  more  brittle  by  heat.  On  account  of 
their  jelly  they  eagerly  attra6l  the  humidity  of  the 
atrnofphere,  and  are  therefore,  as  well  as  hair  and 
whalebone,  highly  ufeful  for  hygrometers. 

§ MLII.  Silk,  the  web  of  all  other  caterpillars, 
and  the  filk  of  the  naker,  (barba  pinnae  marinas) 
are  chemically  confldered  almoft  the  fame  fubftance 
as  wool ; from  which  they  differ  merely  becaufe  they 
are  lefs  fufceptible  of  colours,  and  on  account  of 
fome  peculiar  properties  when  dyed. 

CXXXIV.  OF  SYNOVIA. 

§ MLI II.  Synovia  is  a femi-tranfparent  vifcous 
humour,  of  a pale  green  colour,  a faint  odour,  and 
falinetafte,  which  changes  the  juice  of  violets  green, 
and  renders  lime-water  turbid.  Soon  after  its  fepa- 
ration  from  the  joints,  it  affumes  a gelatinous  con- 
liftence,  which  neither  a moderate  heat,  nor  cold,  nor 
expofureto  atmofpheric  air,  nor  the  deprivation  of  it? 

A A a 


356 

can  prevent.  In  a fliort  time,  however,  it  becomes 
fluid  again,  depofits  a fibrous  fediment,  and  at  lafi: 
undergoes  putrefaction. 

f MLIV.  [f  a linall  portion  of  fynovia  be  expofed 
to  a dry  atmofphere,  it  fpeedily  dries  into  a fcaly 
cruft,  in  which  we  clearly  diftinguifti  two  kinds  of 
falts;  one  appears  in  cubic  cryftals,  and  the  other 
in  an  efflorefcent  ftate ; the  former  is  culinary  fait, 
the  latter  carbonate  of  foda. 

§ MLV.  'Synovia  combines  in  all  proportions  with 
cold  water,  with  which  it  forms  a vifcous  liquid.^ — 
But,  if  boiling  water  be  ufed,  it  coagulates  in  fome  de- 
gree, and  forms  a milky  fluid,  which  is  ftill  adhefive, 
and  depofits  a few  coagulated  pellicles.  Alcohol  pro- 
duces a fimilar  coagulation,  without  deftroying  en- 
tirely its  vifcidity. 

§ ML VI.  Concentrated  mineral  and  vegetable 
acids  precipitate  a fubftance  from  it  in  the  form  of 
flocculi,  but  which  is  foon  diftblved  in  the  liquor. 
Highly  diluted  mineral,  and  efpecially  vegetable 
acids,  for  inftance,  vinegar,  coagulate  fynovia  in  the 
moft  perfeCl  manner,  and  deprive  it  of  its  vifcidity. 
The  liquor  becomes  again  clear,  and  depofits  a fibrous 
fediment. 

MLVII.  The  mild  alkalis  combine  very  readily 
with  fynovia,  but  do  not,  in  other  refpe6ls  change  it. 
The  cauftic  alkalis  feem  to  dilute  it;  they  diffolve 
the  exficcated  fynovia,  and  the  fibrous  precipitate^ 
(J  MLVI.)  in  the  moft  perfefcl  manner. 
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f MLVIll.  It  affords,  by  dry  diftillatiqn,  firfl:,  an 
acidulous  phlegm  very  liable  to  putrefaction;  fecondly, 
a volatile  alkaline  liquid ; thirdly,  an  empyreumatic 
oil,  and  mild  ammoniac  in  a dry  form.  The  coal, 
which  remains  in  the  retort,  being  wafhed,  yields 
common  fait  and  carbonate  of  foda,  and,  after  incine- 
ration, a fmail  quantity  of  phofphate  of  lime. 

5 MLIX.  It  is  obvious  from  the  faCts  j ufl  ftated, 
that  fynovia  conflitutes  a peculiar  humour,  which  con  • 
tains  the  albuminous  matter  of  egg  or  lymph  in  a two- 
fold ftate.  The  firfl  is  that  in  which  it  exifls  in  all  other 
animal  humours,  and  in  which  it  is  feparated  by  hot 
water  and  alcohol,  ( J MLV.}  But  in  the  fecond 
ftate  it  is  difengaged  only  by  vegetable  and  all  ftrongly 
diluted  acids,  (JMLVI.)  This  latter  lymph  is  dif- 
tinguifhed  from  common  lymph  alfo  by  the  fibrous 
form  which  it  affumes  during  its  coagulation,  and 
becaufe  it  may  be  combined  with  cold  water  by  agita-  ^ 
tion,  from  which  folution  it  is  then  precipitated  by 
acids  and  alcohol  in  the  form  of  flocculi. 

{ MLX.  The  conftituent  parts  of  fynovia  are, 
therefore,  first,  lymph  in  a peculiar  ftate;  fecondly, 
common  lymph;  thirdly,  water;  fourthly,  culinary 
fait;  fifthly,  carbonate  of  foda;  and  fixthly,  phof- 
phate of  lime.  According  to  Air.  Margueron,  the 
proportion  of  thefe  conftituent  parts  in  288  grains 
of  the  fynovia  of  an  ox,  upon  which  the  preceding 
experiments  were  made,  is  34  grains  of  the  peculiar 
lymph;  13  grains  of  common  lymph;  5 grains  of 
culinary  fait;  2 grains  of  foda;  2 grains  of  phof- 
phate of  lime;  and  232  grains  of  water, 
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CXXXV,  OF  URINE. 

§ MLXI.  Urine  is  perhaps  of  all  humours  that 
^vhich  differs  moft,  not  only  on  account  of  the  diffe- 
rence of  the  animal,  butalfo  with  regard  to  the  ftate 
of  health,  the  nutriment,  nay,  even  the  affeEHons  of 
the  mind.  Phyficians  confider  the  urine  of  the 
human  fpecies  principally  in  two  ftates;  firft,  as 
emitted  immediately  after  the  taking  of  nourifhment, 
wnich  is  termed  crude  urine;  fecondly,  when  rejefted 
after  digeftion,  which  is  diftinguiflied  by  the  name 
of  conco61ed  urine. 

§ MLXn.  The  frcfli  urine  of  a perfon  in  health 
IS  of  the  colour  of  white  wine,  and  tranfparent;  it 
has  a peculiar  fmell,  and  is  faline  to  the  tafle.  It  does 
not  change  the  colour  of  fyrup  of  violets.  Lime-water 
and  the  fixed  alkalis,  on  being  mixed  with  it,  imme- 
diately  excite  an  ammoniacal  fmell.  It  putrefies  very 
foon  when  left  to  itfelf,  and  much  ammoniac  is  deve- 
loped. It  then  depofits  a white  powder,  though 
obtained  from  a perfon  in  health;  but,  in  fevers, 
the  powder  is  reduced  and  depofited  much  quicker: 
not  unfrequently  likewife  a faline  fubftance  is  cryilal- 
lized  on' the  Tides  of  the  veffel. 

§ MLXI  I L Frefh  urine,  wdien  difiilled  on  a water- 
bath,  affords  a naufeous  phlegm,  and  a reddifh  extraTl, 
limilar  to  earth,  remiains.  If  this  be  put  into  a retort 
and  urged  by  a ftronger  heat,  we  obtain  a vo- 
latile alkaline  liquid,  termed  fpirit  of  urine ; alfo 
ammoniac  i n a dry  flate,  and  a very  fetid  empy- 
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reumatic  oil,  and  frequently,  if  the  heat  be  intenfe, 
a frnall  portion  of  phofphoriis;  the  refidue  is  a 
coal,  the  aflies  of  which  contain  culinary?  fait, 
muriate  of  pot-afh,  phofphate  of  foda,  and  calca- 
reous earth. 

§ MLXIV.  If  frefli  urine  be  repeatedly  evapo- 
rated by  a gentle  heat,  and  then  expofed  in  a cool 
place,  cryftals,  confiding  of  different  falls,  will  be 
formed.  Thefe  falls  are  chiefly  muriale  of  pot-afli, 
muriate  of  foda,  and  what  is  diftinguifhed  by  the 
name  of  microcofmic  fait,  which  is  a mixture  of  the 
phofphates  of  ammoniac  and  foda.  After  all  the 
falls  are  thus  feparated  from  the  urine,  there  remains 
a kind  of  extra6live  fubftancfe,  one  part  of  which 
is  foluble  in  alcohol,  and  the  other  in  water.  The 
former  is  of  a faline  nature,  and  attra61s  humidity 
from  the  atmofphere,  but  in  other  refpe^ls  as  yet 
undetermined.*  The  latter  is  probably  of  a gela,ti- 
nous  nature. t 

§ MLXV.  The  fediment  depofited  by  urine  when 
at  reft,  efpecially  during  putrefaftion,  and  of  which 
the  quantity  is  very  confiderable  in  fome  difeafes, 
confifls  of  phofphate  of  lime  and  calculus  of  the 
bladder. 

* It  affords  by  diftiHation  a fmall  quantity  of  oil,  carbonate 
of  ammoniac  equal  to  more  than  half  its  weight,  and  fome  mu- 
riate of  ammoniac;  the  refidue  tinges  fyrup  of  violets  green.-— 
Vide  Rouelle, 

+ It  is  brown  and  more  eafily  dried  than  the  former  fubflancc, 
and  affords  by  diftillation  the  ufual  produ*fls  of  all  animal  bodies. 
I6id. 
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^'MLXVL  The  difference  between  putrid  urine 
and  frefli  urine  is,  that  the  former  contains  free 
ammoniac;  that  its  refiduc,  after  diflillation  on  the 
water-bath,  contains  free  phofphoric  acid ; and  that 
confequcntly,  when  evaporated,  it  affords  lefs  mi- 
crocofmic  fait,  provided  no  ammoniac  has  been 
added  during  evaporation. 

5 MLXVIl.  It  therefore  appears  that  the  true 
conftituent  parts  of  urine  are  water,  culinary 
fait,  muriate  of  pot-afh,  phofphate  of  foda  and  am- 
moniac, jelly,  the  peculiar  extraftive  matter,  and 
calculus  of  the  bladder.  A knowledge  of  thefe 
conftituent  parts  enables  us  likewife  to  account  for 
the  formation  of  all  other  fubftances  obtained  du- 
ring the  chemical  treatment  of  urine,  and  which  are 
mere  produfts. 

CXXXVI.  OF  THE  CALCULUS  OF  THE 
BLADDER. 

5 MLXVIII.  The  concretions  frequently  met 
with  in  the  bladder,  the  matter  which  colleHs  near 
the  joints  of  perfons  afflifled  with  the  gout,  and  the 
fediment  in  urine,  are,  chemically  confidered,  one 
and  the  fame  fubftance.  But,  although  we  rnay 
obferve  a remarkable  difference  in  different  calculi, 
efpecially  as  to  the  proportion  of  their  conftituent 
parts,  yet  they  generally  agree  in  the  following  pro- 
perties, 

5 MLXIX.  Though  the  calculus  of  the  bladder  be 
perfectly  foluble  in  boiling  water,  yet  the  quantity  is 
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extremely  fmall,  one  part  of  it  requiring  no  lefs 
than  1000  parts  of  water  for  folution.  Neither  fpirit 
of  wine  nor  ether  have  any  aftion  upon  it. 

5 MLXX.  The  muriatic  acid  has  no  aftion  upon 
the  calculus;  but  concentrated  fulphuric  acid,  af- 
fifted  by  heat,  diffolves  it  completely,  and  with  dif- 
engagement  of  volatile  fpirit  of  fulphur.  Diluted 
nitric  acid  afts  upon  calculus  in  the  cold,  and  diffolves 
it  entirely  when  aided  by  heat.  This  folution  has 
an  acid  tafte,  even  when  perfetUy  faturated  with 
the  calculus;  its  colour  is  yellow,  which  becomes 
red  if  concentrated  by  evaporation;  and  it  tinges 
the  flcin  of  the  colour  of  cinnabar.  Nitrous  gaz  and 
carbonic  acid  gaz  are  developed  during  the  folu- 
tion, and,  by  means  of  the  oxalic  acid,  we  are 
foinetimes  enabled  to  precipitate  calcareous  earth. 
When  treated  with  nitric  acid  recently  prepared, 
the  folution  is  at  laft  converted  into  the  acid  of 
fugar. 

4 

§ MLXXI.  Cauftic  alkalis  diffolve  the  calculus, 
and  form  a faponaceous  liquid  with  it;  but  mild 
alkalis  have  no  aBion  upon  it  whatever.  Lime-water 
only  diffolves  it  in  fmall  quantity,  and  is  at  the  fame 
time  deprived  of  its  cautticity.  . 

§ MLXXII.  If  the  calculus  of  the  bladder  be 
diftilled  from  a retort,  we  obtain  a confiderable 
quantity  of  inflammable  and  carbonic  acid  gaz, 
a volatile  alkaline  fluid,  and  a dry  fait  of  a 
brown  colour,  which,  by  re-diftillation,  becomes 
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wliite,  and  has  then  all  the  properties  of  an  acid. 
The  coal  which  remains  is  dirhcultiy  incinerated,  and 
contains  phofphate  of  lime.  Some  calculi  afford 
likewife  a fmail  quantity  of  empyreumatic  oil. 

5 MLXXIIL  From  the  facts  juft  mentioned  we 
may  infer  that  the  calculi  of  the  bladder  confift 
for  the  moft  part  of  a peculiar  acid,  termed  the 
lithic  acid,  combined  with  animal  jelly,  and  frequently 
with  phofphate  of  lime.  Some  Chemifts  believe  this- 
acid  to  be  the  fame  as  the  acid  of  fugar. 

CXXXVII.  OF  THE  FFUMAN  FTLCES. 

5 MLXXIV.  Though  one  may  readily  conclude 
that  the  faeces  or  excrements,  which,' in  a ftate  of 
health,  confift  fimply  of  the  parts  feparated  from  the 
aliment  unfit  for  nutrition,  ought  to  vary  according 
to  the  nature  of  the  food,  yet  its  exaH  analyfis 
is  ftill  defirable,  and  all  our  knowledge  refpeO:- 
ing  this  fubftance  is  limited  to  the  following  fads : 
firft,  that  it  obtains  its  colour  from  the  bile  which  it 
takes  up  and  conveys  along ; fecondly,  that  its  fetid 
fmell  is  owing  to  the  incipient  putrefaction  which  it 
undergoes  in  its  long  paftage  through  the  inteftines; 
and,  thirdly,  that  it  aftords  by  dry  diftillation  the 
ufual  produfts  of  all  animal  subftances. 

CXXXVTIL  OF  SWEAT. 

J MLXXV.  The  difficulty  of  obtaining  a fuffcient 
quantity  of  fweat  has  hitherto  prevented  its  more 
accurate  analyfis.  It  is  known  however  to  be  alfo 
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very  different  according  to  circumftances.  Its  talle  is 
generally  fomewhat  faline,  but  its  fmell  is  either  more 
or  lefs  aromatic,  amnioniacal,  or  acrid.  Its  confif- 
tence  is  commonly  that  of  water ; not  unfrequently 
alfo  it  is  glutinous,  thick,  and  tenacious,  infomuch 
that  during  its  exhccation  it  leaves  a refidue  upon 
the  fkin.  In  general  it  tinges  blue  vegetable  juices 
red,  which  is  attributed  to  the  prefence  of  phofpho- 
ric  acid ; the  fweat  of  gouty  perfons  poffefies  this 
property  in  an  eminent  degree.  Sweat  in  a few  rare 
cafes  has  been  obferved  to  tinge  linen  and  white 
woollen  cloth  blue. 

CXXXIX.  Of  THE  HUMOUR  SECRETED 
IN  DROPSY, 

§ MLXXVI.  The  humour  fecreted  in  various 
fpecies  of  dropfy  and  in  the  milk  fever,  in  dif- 
ferent parts  of  the  human  body,  agrees  almofl 
entirely  with  the  ferum  of  blood.  It  is  ufually  fome- 
what yellow,  fcarcely  turbid,  and  fimilar,  even  in 
its  external  appearance,  to  ferum  of  blood.  It  has 
a peculiar  fmell,  which,  in  fome  caf;:s  is  apparently 
acid,  for  inftance,  in  the  milk  fever ; its  tafle  is 
faline. 

§ MLXXVII.  When  left  to  itfelf  it  becomes  firfl: 
turbid,  and  at  laft  putrefies.  On  expofure  to  the 
temperature  of  boiling  water,  it  coagulates  for  the 
mofl  part;  and  poured  into  hot  water  it  forms  a 
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milky  fluid,  which  is  incoagulable  by  nitric  acid. 
It  tinges  the  juice  of  violets  green.  It  coagulates 
in  all  acids,  but  alkalis  feem  rather  to  dilute  it; 
and  mild  alkalis  precipitate,  fometimes  in  the 
courfe  of  a few  hours,  a gelatinous  fubllancet 
(5  DCCCCXCVIII.)  which  is  confidered  as  a 
proof  of  the  prefence  of  pus. 

5 MLXXVIII.  The  white,  untranfparent,  and 
feemingly  unftuous  membrane  (Pfeudomembrana 
Ruyfchii)  which,  in  the  difeafes  above-mentioned, 
frequently  accompanies  this  humour,  agrees  with 
the  fibrous  part  of  blood,  and  with  its  bulfy  coat. 
By  heat,  and  on  expofurc  to  the  air,  it  dries  into 
a corneous  fubltance,  but  in  moifl  air  it  putrefies 
very  fpeedily.  When  triturated  with  water  it  forms 
an  imperfect  folution,  from  which  the  mild  alkalis 
precipitate  a gelatinous  matter. 

CXL.  OF  THE  HUMOUR  SECRETED 
BY  BLISTERS. 

5 MLXXIX.  The  humour  colleBed  by  blifters 
agrees  alfo  in  its  chemical  properties  with  ferum 
of  blood.  It  differs  from  the  latter  chiefly  in 
its  browner  colour,  and  in  poffeffing  the  fmell  of 
the  plafter;  no  difference  has  been  obferved  be- 
tween the  humour  obtained  from  a perfon  in  health 
and  that  from  one  in  a putrid  fever. 
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5 MLXXX.  Perfeftly  analogous  to  this  humour 
is  that  of  blifters,  caufed  by  muftard,  burning,  the 
fting  of  iiifeds,  the  bite  of  .ants,  and  fome  cutaneous 
difeafes. 

CXLL  OF  THE  FORMIC  ACID. 

{MLXXXL  It  was  known  already  to  the  an- 
dern naturalifts  that  ants  ejaculate  a peculiar  fluid, 
which  tinges  flowers  of  a blue  colour  red,  and  has 
an  acid  tafte.  But  the  exa6l  analyfis  of  this  fluid 
is  due  to  the  moderns,  who  have  found  it  to  be  an 
acid  of  a peculiar  kind,  termed  the  formic  acid.  It 
is  obtained  from  the  Formica  rufa  Linn,  either  by 
expreflion,  diftillation,  or  infufion  in  hot-water. 

5 MLXXX II.  The  fluid  obtained  from  ants  by 
expreflion  is  not  the  pure  formic  acid,  for,  when  at 
rell,  it  depofits  a yellowilh  brown,  ceraceous,  muci- 
laginous oil,  termed  exprefled  oil  of  ants.  If  the 
remaining  acid  be  then  diftilled  by  a gentle  heat,  a 
colourlefs  acidulous  liquid,  which  is  pure  formic 
acid,  will  be  obtained.  On  increafing  the  heat,  this 
liquid  is  fucceeded  by  an  empyreumatic  acid,  and, 
laftly,  by  an  empyreumatic  oil.  The  refidual  coal 
affords,  by  incineration,  a fmall  quantity  of  phofphate 
of  lime. 

§ MLXXXIII.  Pure  formic  acid  has  a peculiar 
and  very  penetrating  fmell.  It  is  incapable  of  cryL 


365 

tallizätion.  It  is  perfectly  volatile^  fo  that  when 
diftilied,  it  paffes  into  the  receiver  unaltered.  With 
pot-afli,  foda,  and  ammoniac,  it  forms  deliquefcent 
neutral  falls,  which  are  fimilar  to  neutral  acetates, 
and  have  a bitter  tafte.  With  calcareous  and  pon- 
derous earths,  however,  it  generates  cryftallizable 
neutral  faits. 

§ MLXXXIV.  When  treated  with  alcohol  it 
forms  true  formic  ether;  but  if  alcohol  be  diftilled 
dire6lly  upon  ants,  on  the  water- bath,  a weakfpiritof 
ants,  of  a fweetifli  talle,  is  obtained,  known,  in 
pharmacy,  by  the  name  of  fpirit  of  ants. 

§ M LX  XXV.  Some  fat  oil  of  ants  is  likewife 
obtained  if  the  infe^ls  be  boiled  in  water,  and  then 
fqueezed.  But,  if  ants  be  diltilled,  we  obtain  a 
fmall  quantity  of  volatile  oil,  viz.  the  volatile  oil 
of  ants. 


CXLII.  OF  THE  EOMBIC  ACID. 

^ MLXXXVI.  When  the  filk-worm  enters  into  the 
ftate  of  chryfalis,  its  juice  contains  all  the  properties 
of  an  acid,  and  this  is  ftili  obfervable  in  the  chry- 
falides  themfelves,  from  which  it  is  obtained  in  the 
following  manner;  the  living  chryfalides  are  in- 
fufed  in  alcohol,  which  is  afterwards  poured  off  and 
feparated,  by  evaporation,  from  the  acid,  which  thus 
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remaiils  behind.  Its  properiies,  however,  are  as  yet 
but  little  known.  An  acid  may  be  obtained,  in  like 
manner,  from  May-bugs. 

CXLIIL  OF  CANTHARIDES. 

§ MLX XXVII.  Few  chemical  refearches  have 
been  hitherto  made  on  this  fubjeft,  and  it  remains 
Hill  doubtful  to  which  chemical  principle  of  can- 
tharides  we  ought  to  attribute  the  acrimony  and  me- 
dicinal virtue.  This  principle,  however,  is  not  vo- 
latile, nor  is  it  diflipated  by  exliccation.  It  is  info- 
luble  in  water,  and  the  infeft,  by  being  boiled  in 
water,  is  not  deprived  of  its  virtue.  But  this  may 
be  extra6i;ed  by  fpirit  of  wine,  and  the  tinBure,  thus 
formed,  polfelfes  all  the  properties  of  cantharides. 

§ MLX XXVI II.  Cantharides,  as  well  as  May- 
bugs,  common  flies,  and  fome  fpecies  of  butterflies, 
afford,  by  dry  diftillation,  befides  the  ufual  products 
of  animal  bodies,  a peculiar  empyreumatic  acid, 
•which,  combined  with  ammoniac,  forms  a neutral 
fait. 

CXLIV.  OF  CASTOREUM  AND  MUSK. 

{ MLX XXIX.  Caftoreum  is  a peculiar  matter, 
contained  in  two  proper  pouches  of  the  male  or  fe- 
male caftor.  It  has  an  acrid,  bitter,  naufeous  tafte. 
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and  a peculiar  ftrong  aromatic  fmelL  It  conlifts  of 
a refmous  i’ubftance,  which  may  be  extraded  by  al- 
cohol and  ether;  a gelatinous  matter  foluble  in  water; 
and  a peculiar  fait  hitherto  but  (lightly  examined, 
cryftallizable  by  evaporating  the  water.  The  cellu- 
ar  membrane  which  contains  the  caftoreum  does  not 
differ  from  that  mentioned,  (J  MX IX.)  Caftoreum 
affords,  by  dry  diftillation,  a fmall  quantity  of  vola- 
tile oil  and  ammoniac.  The  fat  of  caftoreum  is  dif- 
tinguifhed  from  common  fat  merely  on  account  of  the 
odoriferous  matter  with  which  it  is  impregnated. 

§ MXC.  Muflv  is  contained  in  a proper  bag,  fitu- 
ated  near  the  navel  of  the  male  mufk-animal.  This 
fubftance  is  inflammable,  unfluous  to  the  touch,  of 
the  colour  of  ruft,  of  a bitter  tafte,  and  a ftrong  adhe- 
five  fmell.  It  agrees,  in  its  chemical  properties,  with 
caftoreum,  and  confifts  of  refmous  and  gelatinous 
parts.  It  obtains,  by  trituration  with  fixed  alkalis, 
an  ammoniacal  fmell. 

CXLV.  GENERAL  CONSIDERATION  OF 
THE  PROXIMATE  AND  REMOTE  PRIN- 
CIPLES OF  ANIMAL  BODIES. 

§ MXCL  It  is  obvious,  from  the  analyfes  of  the 
animal  parts  on  which  we  have  treated,  that  the  fol- 
lowing fubftances  may  be  confidered  as  the  principal 
components  of  animal  bodies:  i,  water;  2,  jelly; 
3,  albuminous  matter  or  lymph;  4,  faccharine  mat- 
ter ; 5,  fat ; 6,  refill ; 7,  the  fibrous  part  of  blood  or 
mufcles;  85  falls;  and  9,  calcareous  earth. 
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} MX  CI  I.  Animal  bodies  are,  therefore,  much 
more  compound  than  vegetables.  Both  have  fome 
parts  in  common,  as  water,  faccharine  matter,  and 
lime.  Other  parts,  on  the  contrary,  are  peculiar  to 
each;  thus  plants  contain  volatile  oils  and  fome  effen- 
tial  falts,  whilft  animals  contain  albumen,  which,  in 
vegetables,  is  met  with  in  fmall  quantity  only.  Finally, 
although  fome  of  the  conftituent  parts  of  animals  and 
vegetables  refemble  each  other  in  fome  degree,  yet 
they  appear  under  circumftances  by  which  they  may 
be  eafily  diftinguifhed  from  one  another, 

§ MX  Cl  II.  Such  conftituent  parts  are  animal 
jelly,  which,  though  it  agrees  in  many  of  its  proper- 
ties with  vegetable  mucilage  and  gum,  is  yet  fufficiently 
diftinguifhed  from  thefe  bodies  on  account  of  the 
difficulty  with  which  it  dries;  the  property  of  attraB:- 
ing  humidity  from  the  atmofphere;  its  change  to  a 
tremulous  mafs,  and  its  greater  tendency  to  putre- 
faBion.  Thus  alfo  the  fibrous  part  of  mufcles  pof- 
fefles  almoft  all  the  properties  of  the  gluten  of  farina, 
yet  it  differs  from  this  fubftance  in  its  greater 
tenacity  and  elafticity.  Moreover,  the  proportion 
of  this  fubftance  is  much  greater  ih  animals  than  that 
of  gluten  in  vegetables.  Laftly,  animal  fat  and  refin 
differ  from  expreff'ed  oils  and  vegetable  refins  even  in 
many  of  their  external  properties. 

§ MXCIV.  The  falts  of  the  animal  kingdom  differ, 
in  like  manner,  from  thofe  of  vegetables,  Befides  the 
fmall  quantity  of  muriatic  acid  and  foda  found  in  both 
kingdoms,  and  the  febacic  acid,  which  is  much  more 
abundant  in  animal  fat  than  in  exprelfed  vegetable 
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oils,  the  vegetable  kingdom  is  diftinguifhed  by  the 
oxalic,  tartareous,  malic,  citric,  and  benzoic  acids ; 
and  the  animal  kingdom  by  the  laftic,  phofphoric, 
lithic,  and  formic  acids,  and  the  bafis  of  the  faccha*^ 
rine  acid  of  milk. 

§ MXCV.  All  thefe  proximate  principles  of  ani- 
mals (5  MXCl)  may  be  refolved  into  the  following 
remoter  principles,  viz.  oxygen,  hydrogen,  nitrogen, 
carbon,  phofphorus,  lime,  and  iron.  Thefe  are  pre- 
cifely  the  fame  in  plants,  with  this  difference,  that 
the  quantity  of  phofphorus  and  nitrogen  in  the  latter 
is  very  fmall,  which  bodies,  on  the  contrary,  form 
a conftant  and  principal  part  of  animals. 

CXLVI.  OF  THE  PUTREFACTION  OF 
ANIMAL  SUBSTANCES. 

§ MXCVI.  All  animal  parts  enter  into  the  ftate 
of  putrefaUion  as  foon  as  they  are  dead,  or  deprived 
of  organic  power.  Some,  it  is  true,  undergo  pre- 
vioufly  the  acid  fermentation,  but  the  duration  of  it 
is  only  momentary.  The  phenomena  which  accom- 
pany this  putrefaUion  differ  not  only  from  thole  of 
vegetables,  but  even  according  to  the  circumftances 
under  which  this  change  of  animal  bodies  takes 
place. 

§ MXCVI  I.  The  putrefaflion  of  animal  fubflances 
is  moft  facilitated,  i,  by  fuflBcient  moifture;  2, 
^ccefs  of  atmofpheric  air ; and,  3,  a temperature  of 
about  10  degrees  of  Reaumur,  or  fomewhat  more. 
If  any  foft  animal  part,  for  inflance,  a piece  of  flefh, 
begin  to  putrefy  under  thefe  circumftances,  it  becomes 
paler,  fofter,  and  begins  to  lofe  its  confiftence  and 
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texture;  it  then  exudes  a fluid  fimilar  to  lymphs  and 
fmells  faint  and  naufeous.  Soon  after  it  decreafes  in 
volume,  and  becomes  ftill  lefs  confiftent ; its  fmell  is 
then  more  acrid  and  ammoniacal;  and  in  this  ftate 
it  effervefces  with  acids,  and  changes  the  juice  of 
violets  green.  The  ammoniac  volatilizes  by  degrees, 
and,  at  the  fame  time,  that  peculiar  putrid  pene- 
trating gaz  is  emitted  which  a6ts  fo  dreadfully  and 
with  fuch  violence  upon  the  animal  body,  and  of 
which  neither  the  caufe  nor  the  conftituent  parts 
are  perfeftly  known,  though  fome  Ghemifts  confider 
it  merely  as  a mixture  of  phofphorated  and  car- 
bonated hydrogen  gaz.  This  period  is  of  long  dura- 
tion ; the  putrefcent  mafs  again  fwells  up,  and  deve- 
lopes  a confiderable  quantity  of  carbonic  acid  gaz. 
It  is  now  perfectly  diforganized,  and  the  whole  is 
changed  into  a foft  putrid  mafs  of  a brown  or 
green  colour,  which  refumes  its  former  faint  nau- 
feous fmell,  and  dries  at  laft  into  a dark  brown  fri- 
able fubftance.  The  fliorteft  period  in  which  a folid 
animal  fubftance  putrefies,  under  the  circumftances 
above-mentioned,  is  eftimated  at  eighteen  months, 
and  the  longeft  at  three  years. 

§ 'MXCVIII.  The  putrefaffion  of  liquid  animal 
fubflances,  and  of  folid  animal  parts  in  water,  pro- 
ceeds much  quicker.  Animal  bodies  putrefy,  on 
the  contrary,  confiderably  flower  in  clofed  veflels, 
as  well  as  in  the  earth.  In  the  latter  cafe,  the  cir- 
cumftances of  the  putrefaction  differ  according  to  the 
quality  of  the  earth.  If  the  earth  be  very  dry,  light, 
and  fandy,  and  ftieltered  from  the* air  and  rain,  it 
imbibes,  in  a Ihort  time,  all  the  liquid  parts,  fo  a» 
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to'occafion  a want  of  that  humidity  in  the  animal 
part  required  for  putrefaftion,  which  is  thus  not  only 
retarded,  but  frequently  altogether  obftruded.  On 
the  contrary,  in  argillaceous  earth,  and  under  the 
atmofphere,  the  putrefa8:ion  is  promoted  by  the 
continual  fupply  of  moifture.  The  earth,  in  this 
cafe,  abforbs  the  fubftances  recently  produced,  and 
becomes  black,  unftuous,  and  fit  for  the  growth  of 
vegetables. 

§ MXCIX.  It  has  been  obferved,  in  a few  rare 
inftances,  that,  when  a great  number  of  carcafes  are 
buried  without  any  intermediate  fpaces  of  earth,  they 
do  not,  in  this  cafe,  undergo  a true  perfect  putre- 
faftion,  but  are  entirely  changed,  the  bones  ex« 
cepted,  into  a fubftance  fimilar  to  fat,  foluble  in 
water,  analogous  in  its  chemical  properties  to  foap, 
and  compofed  of  a peculiar  kind  of  fat  and  ammo- 
niac. The  bodies,  which  would  otherwife  efcape  in 
the  form  of  gaz,  are  here  arrefted,  and  the  hydrogen, 
it  fhould  feemj  combines,  in  fome  meafure,  with 
nitrogen,  and,  as  ufual,  forms  ammoniac,  and  partly 
with  carbon,  conftituting  the  peculiar  oil,  which, 
with  ammoniac,  produces  the  faponaceous  fubftance 
of  which  we  have  fpokeri. 

§ MC.  The  putrefaftion  of  animal-fubftances  is, 
therefore,  perfectly  fimilar  to  that  of  plants  of  the 
fecond  clafs;  nor  is  there  any  difference  in  its 
theory,  (J  DCCCXCI.)  except  that,  on  account  of 
the  greater  quantity  of  phofphorus  and  nitrogen,  a 
greater  portion  of  ammoniac  and  phofphorated  hy- 
drogen gaz  is  obtained,  and  that  the  fmell  is  much 
ftronger,  and  more  noxious. 
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OUTLINE 

OF  THE 

PHLOGISTIC  SYSTEM. 


J MCL  Becher  was  the  firft  Chemift  who  adopted 
a feparate  principle  of  inflammability,  by  which  hö 
explained  not  only  the  adion  of  fire,  and  the  com- 
bullion  of  bodies,  but  many  of  the  mofl  remarkable 
phenomena  in  chemiftry  at  that  time  known.  He 
confidered  it  as  an  element,  and,  like  his  two  others, 
of  the  nature  of  earth,  for  which  reafon  he  termed 
it  his  Second  or  Inßammahle  Earth, 

5 MCI  I.  Stahl  determined  this  notion  of  the  in- 
flammable principle  more  accurately,  and  gave  it  the 
name  of  Phlogijlon.  But  he  differed  from  the  opinion 
of  his  tutor,  with  refpe6l  to  the  nature  of  this  fub- 
Itance,  which  he  afferted  to  be  a fulphureous  prin- 
ciple. According  to  him  it  exifts  in  all  the  bodies 
of  the  three  kingdoms,  in  a greater  or  lefs  proportion, 
water,  fimple  earths,  and  falls  excepted. 

§ MCIII.  It  is  phlogifton  alone  that  conftitutes 
the  combuftible  part  in  inflammable  bodies,  or,  in 
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the  words  of  Stahl,  “ eft  folum  ad  ignis  motum  ac- 
commodatum,  creatum  et  aptum ; eft  ignis  corporeus, 
vel  ipfa  praecife  propria  materies  ignis.”  Phlogifton, 
neverthelefs,  does  not  itfelf,  without  being  combined 
with  other  bodies,  form  fire,  fed  avolat  et  diffipatur 
in  tenuitate  infenfibili,  five  facit  dumtaxat  ignem  valde 
expanfiim  et  inconfpicuum,  fcilicet  calorem.”  But, 
alfo,  this  volatilization  and  diflipation  cannot  take 
place  without  the  accefs  of  other  matter,  efpecially 
water  and  air.  , 

§ MCIV.  After  phlogifton  has  combined  in  a 
greater  or  lefs  proportion  with  the  other  natural  bo- 
dies, it  changes  their  external,  and,  chiefly,  their 
chemical  properties.  Its  a6lion  is  moft  confpicuous 
upon  metals,  fulphur,  colours,  and  odoriferous  fub- 
fiances. 

5 MCV.  But,  when  chemiftry  became  enriched 
with  a multitude  of  new  fa61s,  it  was  found'  that 
Stahl’s  eftabliflied  theory  of  phlogifton  could  not 
explain  every  phenomenon  ; Chemifts,  therefore,  en- 
deavoured to  render  it  more  definite,  and,  at  the 
fame  time,  more  general  in  its  application.  But  in 
thefe  definitions  we  obferve  the  utmoft  difagreement, 
and  almoft  every  author  differs  on  this  fubjeO:.  By 
way  of  example,  we  will  ftate  the  following  opi- 
nions, which  are  moft  remarkable, 

§ MC VI.  Baume  believed  that  phlogifton  con-  , 
fifted  of  the  matter  of  fire,  combined  with  an 
elementary  earth,  Macquer  confidered  it  to  be  the 
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matter  of  light  in  a fixed  ftate.  • Scheele  maintained 
it  was  a conftituent  part  of  the  matter  of  heat,  which, 
he  faid,  confided  of  phlogifton  and  vital  air.  ' Sco- 
poli  and  Volta,  to  form  their  phlogifton,  combined 
carbonic  acid  and  matter  of  heat.  Kirwan  and  La- 
metherie  believed  it  to  be  an  element  different  from 
the  matter  of  heat,  and  to  conftitute  the  bafis  of  in- 
flammable air.  W eftrumb  held  it  to  be  a conftituent 
part  of  water,  which,  in  his  opinion,  is  formed  by 
the  combination  of  phlogifton  and  vital  air.  Laftly,, 
phlogifton,  according  to  Gren,  is  compofed  of  the 
matter  of  light  and  of  the  matter  of  heat.  This 
philofopher  maintains,  moreover,  the  Angular  notion 
adopted  by  the  antient  Chemifts,  that  phlogifton  is 
not  only  deftitute  of  gravity,  but  that  it  even  pof- 
feffes  a negative  weight,  that  is,  it  diminifhes  the  ab- 
folute  weight  of  bodies  by  its  combination, 

MCVII.  Since,  therefore,  the  opinions  refpeO:ing 
the  properties  and  compofition  of  phlogifton  differed 
from  each  other,  it  neceffarily  follows,  that  the  theo- 
ries, and  the  mode  of  explaining  the  nature  of  che- 
mical phenomena,  being  founded  upon  thofe  opi- 
nions, were  equally  different;  and  accordingly  we 
find  that  each  feO.  of  phlogiftic  philofophers  had  its 
own  theory  of  chemiftry.  Hence,  to  give  a perfe6l 
idea  of  the  doflrine  of  phlogifton,  it  would  be  ne- 
ceffary  to  enter  into  the  merits  of  at  leaft  fix  or  eight 
hundred  different  theories;  but,  as  this  is  by  far  too 
extenfive  for  our  plan,  we  will  briefly  ftate  the  points 
upon  which  almoft  all  the  phlogiftians  agree, 
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§ MCVIII.  All  the  pure  metallic  calces  are  fimple 
bodies,  which,  by  combination  with  phlogifton,  enter 
into  the  metallic  hate.  The  calcination  of  metals  in 
the  fire  happens  folely  in  confequence  of  the  volati- 
lization and  combination  of  phlogifton  with  the  air, 
or  a part  of  it,  whence  the  calx  of  metal  remains  in 
a pure  ftate.  But,  if  tile  calx  of  a metal  be  treated 
in  the  fire  with  combuftible  bodies,  the  calx,  in  that 
cafe,  combines  with  the  phlogifton  of  the  combuftible 
body,  and  returns  to  the  ftate  of  metal. 

^ MCIX.  When  metals  ar^  difiblved  in  acids,  the 
acid  deprives  the  metal  of  its  phlogifton.  If  a metal 
be  then  precipitated  from  its  folution  by  means  of  a 
body  which  contains  no  phlogifton,  alkaline  falts  for 
inftance,  in  this  cafe  the  metal  falls  down  in  the  ftate 
of  calx.  But,  if  the  precipitating  body  can  afford 
its  phlogifton  to  the  metal,  a metallic  precipitate  will 
be  obtained,  for  inftance,  when  one  metal  is  precipi- 
tated by  another. 

f MCX.  The  augmentation  of  abfolute  weight, 
during  the  calcination  of  metals,  and  the  lofs  of 
fuch  weight  during  their  reduBion,  is  either  not  ex- 
plained at  all,  or  accounted  for  from  the  fpccific 
levity  of  the  phlogifton.  Some  phlogiftians  admit 
that  metals,  during  their  calcination,  abforb  vital 
air,  and  others  believe  that  the  augm.entation  of 
weight  is  owing  to  the  water  which  arifes  from  the 
combination  of  vital  air  and  phlogifton,  and  adheres 
to  the  calx. 
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{ MCXI.  Some  oF  the  older  phlogUHans  afierted 
that  the  noble  metals  were  not  fufceptible  of  a true 
calcination,  and  that  the  earthy  form  which  they 
affumed  was  a mere  external  change.  Moft  of  the 
modern  phlogiftians  grant,  however,  that  thofe  me- 
tals may  be  calcined,  and  account  for  their  reduc- 
tion by  fire  alone,  and  without  the  addition  of  any 
combuftible  body,  by  faying,  that  phlogifton  can  pe- 
netrate through  red  hot  veffels,  or  otherwife,  from 
the  peculiar  ide^  which  they  entertain  of  phlogifton, 

§ MCXII.  Acids,  according  to  the  phlogiftic  phi- 
lofophers,  are  fimple  bodies.  In  their  pureft  ftate, 
and  freed  from  all  phlogifton,  they  term  them  dephlo- 
gißieated  acids ‘j  when  combined  with  a greater  or  lefs 
quantity  of  ^h\og\^on^ phlogißicated  acids-f  and,  com- 
pletely faturated  with  phlogifton,  they  form  various 
fubftanpes,  which  no  longer  poffefs  acid  properties. 

5 MCXIII.  According  to  them,  the  perfeQ:  acid 
of  fulphur,  or  the  fulphuric  acid,  is  the  pureft;  com- 
bined with  more  phlogifton  it  forms  phlogifticated 
acid  of  fulphur,  or  the  volatile  fpirit  of  fulphur,  and 
when  perfeftly  faturated  with  phlogifton  it  conftitutes 
fulphur.  If  fulphur  be  burnt  in  open  veffels,  its  phlo- 
gifton combines  partly  with  the  air,  and  is  carried  off, 
and  phlogifticated  acid  of  fulphur  remains.  If  me- 
tals be  diffolved  in  concentrated  acid  of  fulphur,  the 
phlogifton  of  the  metal  combines  with  the  acid  of  ful- 
phur, and  comes  over  as  volatile  acid  of  fulphur,  or 
remains  in  the  ftate  of  fulphur.  The  formation  of  in- 
flammable gazj  during  the  folutiou  of  metals  in  di- 
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luted  acid  of  fulphur,  can  only  be  explained  by  a 
forced  and  hypothetical  mode  of  reafoning  from  the 
fingular  opinions  refpefling  the  nature  of  phlogifton 
and  of  inflammable  gaz  ; nor  does  the  theory  of  phlo- 
gifton give  a fatisfa6lory  reafon  for  the  augmentation 
of  weight  during  the  combuftion  of  fulphur. 

f MCXIV.  The  perfeB;  acid  of  nitre,  or  the  nitric 
acid,  is  the  dephlogifticated  acid  of  nitre  of  the  phlo- 
giftians,  which,  combined  more  or  lefs  with  phlogif- 
ton, forms  the  phlogifticated  acid  of  nitre,  or  the 
fuming  fpirit  of  nitre,  and  faturated  with  phlogifton 
the  nitrous  gaz.  If  nitrous  gaz  come,  therefore,  into 
contaB  with  vital  air,  it  parts  with  fome  of  its  phlo- 
gtfton,  and  returns  to  the  ftate  of  phlogifticated  acid 
of  nitre.  During  the  folution  of  metals  in  this  acid, 
the  phlogifton  of  the  former  combines  with  part  of 
the  latter,  and  pafies  olf  as  nitrous  gaz.  Upon  the 
fame  principle  all  combuftible  bodies  communicate 
to  the  nitric  acid  fome  of  their  phlogifton,  and  ren- 
der it  phlogifticated. 

§ MC XV.  The  common  or  imperfeB  muriatic 
acid  is  the  phlogifticated  acid  of  fait  of  the  phlo- 
giftic  philofophers,  which,  when  deprived  of  its  phlo- 
gifton, becomes  dephlogifticated,  that  is,  oxygenated 
muriatic  acid.  Some  of  thofe  philofophers,  to  fave 
their  theory,  fay,  that  the  oxygenated  muriatic  acid 
is  a peculiar  compound  liquid. 

§ MC XVI.  The  phofphoric  acid  is  a fimple  body 
•v^^hicb,  when  combined  with  phlogiftorr,  forms  vol^- 
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tile  acid  of  phofphorus,  and,  fatarated  with  it,  phof- 
phorus  itfelf.  According  to  fome  phlogiftians,  the 
phofphoric  air,  or  phofphorated  hydrogen  gaz,  con- 
lifts  of  phofphorus,  phlogifton,  caloric,  and  water. 

§ MCXVII.  Sugar  confifts  of  acid  of  fugar  and 
phlogifton.  The  arfenic  acid  is  arfenic  deprived  of  its 
phlogifton.  Thus  by  analogy  they  conclude  about  all 
the  other  acids,  though,  with  refpeO;  to  the  vegetable 
and  animal  acids,  the  opinions  of  the  different  fe6ls  of 
phlogiftians  be  very  different, 

§ MCXVIII.  Vital  air  is,  according  to  fome,  a 
limple  body,  that  is,  air  in  the  pureft  ftate ; accord- 
ing to  others,  it  confifts  of  caloric  and  water.  In 
both  cafes,  they  fay,  that,  in  combination  with  phlogif. 
ton,  it  forms  phlogifticated  air,  that  is,  azotic  gaz. 
They  affert  that  inflammable  air  is  highly  compound, 
and  differs  according  to  its  origin.  Kirwan  believed 
that  it  was  compofed  of  phlogifton  and  caloric, 

^ MC XIX.  Carbon  confifts  of  aerial  acid,  phlo- 
gifton, and  the  fixed  incombuftible  parts.  Hence,  if 
carbon  be  burnt,  the  phlogifton  and  aerial  acid  ef- 
cape,  and  the  earths,  metals,  and  fixed  falts  remain, 

§ MCXX.  Phlogifton  forms  a principal  part  of 
all  organized  bodies,  which  are,  therefore,  combuf- 
tible.  Some  of  them  contain  it  in  abundance,  as 
oils  and  fat,  Phlogifton  is  the  caufe  of  the  odour 
and  colour  of  plants,  and  aSs  a principal  pa^t 
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ill  the  animal  economy,  fmce  by  its  folution  in  the 
blood,  or  its  deficiency,  it  produces  various  dileafes. 

§ MC  XXL  According  to  the  phlogiftians,  the 
whole  utility  of  refpiration  confifts  in  its  carrying  off 
from  the  body  the  fuperabundant  phlogifton.  The 
blood,  during  its  circulation,  becomes  impregnated 
with  the  fuperabundant  phlogifton,  liberated  in  con- 
fequence  of  the  different  fundlions  of  life,  and,  being 
charged  with  it,  returns  to  the  lungs.  The  vital  air 
or  oxygen  gaz,  which  is  infpired,  now  feparates 
this  phlogifton  from  the  blood,  and,  according  to 
fome,  alfo  the  carbonic  acid,  likewife  produced  in 
the  blood.  The  blood  thus  purified  is  then  diffufed 
by  the  arteries  into  the  body  to  attrad  a new  por- 
tion of  phlogifton. 

§ MCXXII.  In  a fimilar  manner  they  endea- 
voured, in  their  phlogiftic  fyftem,  to  account  for 
moft  of  the  other  phenomena  in  chemiftry,  to  which 
the  loofe  and  indefinite  theory  of  phlogifton  afforded 
great  facility.  But  the  futility  of  moft  of  thefe  expla- 
nations is  manifeft,  as  foon  as  we  infift  upon  a ftrid 
conformity  with  the  eftablifhed  principles  of  the  mu- 
tual adion  of  bodies  upon  each  other,  and  demand  an 
exad  account  of  the  weight  and  meafure  of  the  bodies 
made  ufe  of  in  experiments.  There  are  many  things 
in  nature  which  we  cannot  explain,  and  which  will 
always  remain  obfeure.  It  is  therefore  unreafonable 
to  rejed  a fyftem  becaufe  it  is  unable  to  remove  the 
veil  which  hides  the  caufe  of  many  appearances.  The 
antiphlogiftians  do  not,  indeed,  arrogate  to  themfelyes 
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this  merit;  but  their  fyftem  deferves  the  preference 
which  is  granted  to  it  by  almoft  all  the  naturalifts  of 
the  prefent  age,  fince  it  explains  moft  of  the  pheno- 
mena explicitly,  uniformly,  and  with  the  minuteft 
circumftances ; appears  more  conformable  to  the  fim- 
ple  path  of  nature,  and  draws  all  inferences  from  mat- 
ters of  fa6l,  without  requiring  the  aid  of  fubtle  ar- 
guments. 

Nihil  eß  in  intelkÜu  qs-ioä.  non  prius  fucrit  in  finfui 


ßACO« 


DESCRIPTION 


OF 

WOULFE’s  APPARATUS 

TOR 

COMPOUND  DISTILLATION. 

The  fubftance  which  is  feparated  in  every  dis- 
tillation comes  over  into  the  receWer  in  the  form 
of  gaz.  Now,  if  the  nature  of  the  gaz  be  fuch, 
that  by  cooling  alone  it  enter  with  facility  into 
the  liquid  ftate,a  common  receiver.  Sufficiently  cooled, 
may  be  made  uSe  of  for  receiving  this  produft,  as, 
for  example,  in  the  preparation  of  alcohol,  diftilled 
vinegar,  &c.  Eut,  if  the  gazeous  fluid  cannot, 
by  cooling  alone,  be  condenfed  So  as  to  become 
liquid,  or  if  this  change  proceed  very  flowly,  there 
is  no  other  means  of  obtaining  it  in  the  latter  form 
than  to  combine  it,  if  poffible,  with  a greater  or  leSs 
quantity  of  water.  Inftances  of  this  kind  are  very 
frequent,  as  in  the  diliillation  of  nitric  acid,  of  com- 
mon and  oxygenated  muriatic  acid,  caulfic  ammo- 
niac, &c. 

/ 

The  means  of  which  the  ancient  Chemiits  availed 
themfelves  to  accorapliffi  this  end  conSiiled  in  adding, 
in  the  retort,  to  the  mixture  to  be  diftilled,  as  much 
water  as  was  neceiSary  to  arreftthe  gazeous  body  which 
had  been  difengaged.  This  water,  in  confequence 
of  the  application  of  heat,  being  changed  into  va- 
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pours,  came  over  in  this  form  into  the  receiver, 
together  with  the  other  gaz,  where  it  condenfed 
and  maintained  the  gaz  in  folution.  This  was  the 
mode  of  proceeding  in  the  operations  above-men- 
tioned ; but  this  method  is  liable  to  many  objedions 
and  inconveniencies,  the  principal  of  which  we  will 
Hate. 

1.  Many  aeriform  acids,  ammoniac,  See.  are  much 
more  volatile  than  water,  and  come  over,  for  this 
reafon,  in  part,  much  fooner  into  the  receiver  than 
the  water.  The  firft  portion  of  thofe  bodies,  not 
being  arrefted  by  the  water,  is,  therefore,  loft.  Che- 
mifts  endeavoured  to  obviate  this  fault,  by  making 
ufe  of  very  large  receivers,  in  which  the  gaz  re- 
mained included,  till  it  could  be  diflblved  in  the 
water  as  it  came  over.  But  even  thefe  were  infuffi- 
cient,  and  required  to  be  tubulated  to  procure  an 
ilfue  for  the  accumulated  gaz,  and  prevent  the 
breaking  of  the  apparatus.  Sometimes,  alfo,  the  expe- 
rimenter was  ufed  to  introduce  a fmall  quantity  of  wa- 
ter into  the  receiver,  previous  to  the  operation;  but,  as 
the  gaz  only  touches  the  furface  of  the  water,  its  fo- 
lution became  extremely  tedious. 

2.  It  has  been  proved  that  gazeous  bodies  are  dif- 
folved  much  more  readily  and  copioufly  in  cold  than 
hot  water.  Now,  as  the  water  which  comes  over 
during  the  above  procefs  is  always  hot,  it  heats  the 
receiver,  and,  of  courfe,  remains  hot  for  a long 
time;  this  is  confequently  a new  impediment,  and 
the  water  cannot,  therefore,  in  this  manner^  be  per- 
fectly fatu rated  with  the  gaz, 


3*  From  wliat  has  been  obferved,  it  follows,  that 
the  lofs  experienced  during  thefe  operations  can  be 
diminifhed  only  by  an  extremely  flow  and  careful 
operation,  and  that  the  flighteft  inattention  may  not 
only  fpoil  the  whole  procefs,  but  endanger  the  life 
of  the  operator.  But,  notwithftanding  the  utmofl 
precaution  and  attention,  the  operator  remains  ex- 
pofed,  in  a great  meafure,  to  the  noxious  and  difa- 
greeable  vapours;  even  the  mere  effufion  of  fuming 
fpirit  of  nitre,  and  of  concentrated  muriatic  acid, 
from  the  enormous  receivers,  is  attended  with  great 
inconvenience. 

4.  If,  efpecially  in  operations  in  tlie  great  way, 
any  dirt  or  impurity  adhered  to  the  body  made  ufe  of, 
it  was  taken  up  by  the  water,  and  came  over  into  the 
diftilled  liquor,  for  which  realbn  the  fuming  and  con- 
centrated muriatic  acid,  for  inllance,  was  never  ob- 
tained clear. 

5.  Neither  the  quantity,  nor  the  degree  of  con- 
centration of  the  liquor  to  be  obtained,  could  be 
optionally  determined,  fince  the  lofs  depended  upon  a 
great  many  circumRances  which  the  operator  could 
not  altogether  forelee  nor  prevent. 

To  obviate  all  thefe  inconveniencies,  feveral  Che- 
tnifts  propofed  new  modes  of  dillillation,  among  whom 
Hales,  and,  in  later  times,  Rouelle,  have  peculiarly 
diftinguiflied  themfelves.  But  none  of  thole  methods 
anfwers  the  purpofe  fo  well,  nor  has  it  been  more 
generally  received^  than  that  of  Mn  Peter  Woulfe, 
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Vbich,  with  the  improvements  by  Pelletier,  I will 
now  undertake  to  defcribe. 

STRUCTURE  OF  WOULFE's  APPARATUS. 

This  apparatus,  as  ufed  in  chemical  or  pharmaceu- 
tical operations,  is  always  formed  of  glafs,  and,  which 
is  the  belt,  of  white  glafs.  In  large  manufa6tories 
only,  it  may,  according  to  circumftances,  be  partly 
made  of  wood,  iron,  copper.  See, 

The  peculiar  velfels  and  inftruments  of  which  it 
is  compofed,  to  adapt  it  for  every  operation  with 
which  we  are  acquainted,  confift  as  follows : 

1.  The  Tubulated  Receiver^  or  Balloon  with  two 
necks,  (Fig.  5.}  This  receiver  ought  to  have  a 
ihort  wide  ^ neck,  proportioned  to  the  beak  of  the 
retort  which  we  intend  to  ufe.  It  fliould  alfo 
be  rather  wider  towards  the  mouth,  and  fomewhat 
conical  towards  the  receiver,  that  it  may  be  joined 
the  clofer  to  the  beak  of  the  retort,  and  be  more 
firmly  luted.  As  mod  of  the  common  receivers  are 
jars,  of  which  the  greateft  part  of  the  neck  is  broken 
off,  they  have  the  fault  that  their  neck  is  narrow  at 
the  mouth,  and  wider  towards  the  belly.  The  colla- 
teral neck  of  this  receiver  fhould  be  very  round,,  and 
fufficiently  long,  that  a cork  of  fome  length  may  exactly 
fit  in  it.  Moreover,  the  pofition  of  this  neck  ought 
to  be  fuch,  that,  when  the  receiver  is  conneBed  with  a. 
retort  moderately  inclined,  it  {lands  perpendicularly. 
(Fig,  i,)  The  dimenfion  of  thefe  receivers  ought  to 
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correfpond  with  the  extent  of  the  procefs;  in  chennical 
or  pharmaceutical  experiments  we  have  feldom  oc- 
cafion  for  larger  ones  than  I'uch  as  hold  from  8 
to  20  pints.  If  the  receiver  be  very  fmall,  the  col- 
lateral neck  may  be  omitted;  but  inltead  of  it  we 
Ihould  bore  a hole,  of  about  2 lines  in  diameter,  to 
admit  the  communicating  tube. 

2.  Woulfes  bottles.  Thde  are  common  cylin- 
drical fhort-necked  bottles,  furnifiied,  befide  the 
ufual  neck  in  the  middle,  with  one  or  two  colla- 
teral necks.  (Fig  3 and  4.}  At  firft  they  made  ufe 
alfo  of  bottles  with  four  neeks,  but  thefe  may  be 
difpenfed  with  in  almoft  all  operations,  for  thofe 
with  two  and  three  necks,  as  we  (hall  fee  hereafter, 
anfwer  our  purpofe  as  well.  The  middle  or  prin- 
cipal neck  of  thefe  bottles  is  generally  fomewhat  wider 
than  the  red;  but  its  diameter  Ihould  never  exceed 
one  inch,  for  otherwife  the  junQures  become  unnecef- 
farily  large.  Moreover,  thefe  necks  Ihould  be  al- 
inod  cylindrical,  very  round,  and  as  much  as  pof- 
hble  perpendicular  and  parallel.  The  fize  of  thefe 
bottles  differs  according  to  the  operation;  they  cannot, 
hov^ever,  be  much  hnaller  than  of  half  a pint,  and, 
even  in  more  extenfive  operations,  they  do  not  re- 
quire to  be  larger  than  of  1 2 pints. 

3.  The  communicating  tubes.  Of  thefe  the  experi- 
menter ihould  have  leveral  in  (tore,  or  he  ihould 
form  them,  according  to  neceffity,  of  ftraight  tubes 
of  foft  glafs,  over  a charcoal  fire,  or  by  the  blow- 
pipe. They  appear  generally  in  the  ihape  repre- 
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fented  by  Fig.  8,  and  one  of  their  ends  is  longer 
than  the  other,  on  account  of  the  height  of  a 
Woulfe’s  bottle;  in  fome  cafes,  however,  we  make  ' 
ufe  alfo  of  fuch  as  are  equal  in  length.  If  the  ope- 
ration be  moderately  great,  they  are  heft  of  one  line 
in  diameter;  but,  in  greater  operations,  they  may 
meafure  as  much  as  two  lines.  In  general,  it  is  better 
to  have  them  too  wide  than  too  narrow.  The  inter- 
mediate part  between  the  ends  fhould  be  fufficiently 
long,  that  the  bottles,  with  which  it  communicates,  as 
well  as  the  refrigeratory  velfels,  may  conveniently 
ftand  near  each  other.  The  corners  or  angles  of  the 
communicating  tube  Ihould  not  be  too  ftiarp,  but 
fomewhat  round,  otherwife  the  tube  is  liable  to  break* 
They  may  be  likewife  made  in  the  form  of  a femi- 
circle.  They  are  commonly  quite  fimple,  but  in 
fome  cafes  they  are  furnifhed  with  a ftiort  capillary 
tube,  open  at  the  top.  (Fig.  8.)  Communicating 
tubes  of  this  kind  are  not  very  elfential,  and  require 
great  ikill  in  making.  To  obtain  the  gaz  which  is 
difengaged  in  many  operations  in  the  gazeous  form, 
we  make  ufe  of  a fimilar  tube  with  one  of  its  ends 

bent.  (Fig.  7.) 

\ 

4.  The  tube  of  fafety'  is  a ftraight  glafs  tube,  of 
about  one  line  in  diameter,  and  i|  or  2 feet  in 
length. 

5.  The  adopter  (Fig.  6.)  ferves  to  combine  a 
retort  with  one  of  Woulfe’s  bottles.  (Fig.  2.)  We 
fliould  be  furnifhed  witli  feveral  of  different  dimen-  . 
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fion,  according  to  the  fize  of  the  different  retorts. 
Smaller  ones  may  be  made  of  the  heaks  of  old  re- 
torts. 

6.  The  refrigeratory  veffeh  ferve  to  cool  the  liquids 
contained  in  the  bottles,  by  means  of  ice,  fnow, 
or  cold  water  continually  replenifhed.  For  this 
purpofe  we  may  ufe  fraall  wooden  tubs,  earthen  bar 
fons,  &c.  But  the  moll  convenient  veffels  are  thofe 
made  of  tin,  and  painted  with  oil  colours;  they  have 
a cock  or  fyphon  near  the  bottom,  by  which  the 
melted  ice,  or  the  water  when  it  becomes  too  warm, 
is  drawn  off.  (Fig.  2.) 

OF  LUTE. 

As  the  joinings  in  all  operations  where  Woulfe*s 
apparatus  is  employed,  fhould  be  perfedly  clofed, 
lell  any  aeriform  body  pals  through,  the  choice  of  a 
proper  lute  is  of  very  great  importance.  All  lutes, 
it  is  well  known,  are  divided  into  two  claffes,  into 
fat  and  common  lutes.  Of  the  former  we  make  ufe 
of  two  kinds  in  Woulfe’s  apparatus,  which  are  pre- 
pared in  the  following  manner. 

1.  Take  very  dry  rich  clay,  triturate  it  in  an  iron 
mortar,  and  form  it  into  a thick  pafte  by  fucceflively 
adding  boiled  linfeed  oil,  commonly  termed  linfeed 
varnilli.  This  lute  is  not  expenfive,  and  of  very 
great  fervice  in  the  diftillation  of  acids  and  of  all 
corrolive  bodies,  but  it  cannot  be  long  preferved, 
and  mull,  therefore,  be  freffi  made  every  time. 
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2.  Take  one  pound  of  pulverized  amber,  melt  it 
by  a gentle  fire  in  an  iron  veflel  with  an  iron  cover, 
containing  ounce  of  turpentine.  In.'^the  mean 
time  boil  on  a feparate  fire  one  pound  of  linfeed  oil, 
and  pour  it,  thus  hot,  ^ and  while  it  is  continually 
ftirred  with  an  iron  ladle,  into  the  melted  amber.  In 
this  manner  you  obtain  a liquid  of  the  confiftence  of 
honey,  which  conftitutes  the  bafis  of  common  amber- 
varnifh.  This  liquid  is  then  wrought  with  good  dry 
clay  into  a pafte,  during  which  operation  a fmall  por- 
tion of  expreffed  nut-oil  may  be  added  by  way 
of  dilution,  and  to  prevent  drying.  This  lute  is 
much  more  expenfive  than  the  former,  but  preferable 
in  all  its  properties.  It  keeps  for  a very  long  time, 
and  may  be  ufed  twice  or  three  times. 

In  the  diftillation  of  volatile  alkali,  ether.  See, 
there  is  no  neceflity  for  ufing  fat  lute,  we  therefore 
employ  one  with  much  more  convenience,  which  is 
thus  prepared:  almonds  finely  powdered  and  lifted, 
or,  which  is  preferable,  flour  of  linfeed  is  mixed 
with  good  (larch,  properly  boiled,  and  formed  into 
a hard  pafte,  which,  in  the  operation,  may  be  foftened 
> by  fprinkling  water  upon  it.  This  lute  is  very  clean, 
and  may  be  employed  to  great  advantage  in  all  opera- 
tions where  no  corrofive  bodies  are  treated;  but  it  can 
be  ufed  only  once,  nor  does  it  keep.  It  becomes 
Hill  better  and  more  firm,  if  a fmall  portion  of  car- 
penter’s glue  be  previoufly  added  to  the  ftarch. 

The  application  of  the  lute,  infecuring  thejunftures, 
is  another  important  point,  for  with  the  belt  kind  of 
lute  we  lliall  not  be  able  to  dole  a joining  well,  un- 
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lefs  it  be  properly  applied.  But  this  operation  is  befl 
learned  by  praftical  inftru8:ion  and  ufe,  and  the  only 
rule  which  we  can  give  in  this  place  is,  that  the  glafs 
is  to  be  perfe8:ly  clean  and  dry,  that  the  lute  muft  be 
applied  in  fmall  quantities  only,  and  by  degrees  3 and 
that  the  laß:  portion  is  to  be  properly  combined  with 
the  portions  applied  firß,  by  kneading. 

The  communicating  tubes  are  inferted  in  the  necks 
of  Woulfe’s  bottles,  by  means  of  perforated  corks. 
For  this  purpofe  a hole  is  firß  bored  through  the  cork, 
and  filed  with  a round  file  till  the  tube  may  be  firmly 
fixed  in  it;  the  outfideof  the  cork  is  then  filed  with  a 
coarfer  file  till  itfitexadly  in  the  necks  of  the  bottles. 
The  cork  fliouid  always  go  quite  down  into  the  neck, 
and  not  appear  above  it.  Woulfe’s  bottles  and 
communicating  tubes,  joined  to  each  other  by  corks 
alone,  are  reprefen  ted  by  Fig.  2,  and  thofe  which 
are  luted  by  Fig.  1.  In  joining  the  retort  with  the 
balloon,  or  the  adopter,  or  an  adopterwdth  the  bottles, 
lute  alone  is  made  ufe  of,  fome  part  of  which  fhould 
be  always  prefied  between  the  joinings  of  the  Veffels, 
for  thefe  muß:  never  touch  each  other. 

As  the  junBures  defended  either  by  fat  or  common 
lute  may  be  eafily  difplaced  by  motion,  and  as  fat 
lute  is  liable  moreover  to  become  foft,  and  to  fink, 
when  expofed  to  heat,  it  is  effential,  in  delicate  opera- 
tions, that  the  joinings  already  luted  fhould  be  further 
fecured  by  wet  bladders,  or,  which  is  flill  better,  by 
firips  of  linen  coated  with  white  of  egg  and  lime; 
thefe, 'by  their  compaSnefs,  do  not  only  tend  to  con^ 
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ne£i  the  joinings  more  clofely,  but  they  contribute 
very  much  to  render  the  lute  coherent  and  firm. 
For  this  purpofe,  take  drips  of  linen  not  too 
coarfe,  of  an  inch  wide,  cut  them  into  pieces  as  long 
as  the  coating  of  the  lute  upon  the  joinings  is  broad, 
dip  them  into  frefh  white  of  egg,  take  them  out  one 
after  another,  and  rub  them  well  in  with  powdered 
quicklime;  this  being  done,  put  them  tranfverfely 
upon  the  joining,  and  prefs  them  clofe  and  even 
upon  the  lute.  In  this  manner  the  lute  is  covered 
with  one,  two,  and,  in  greater  operations.,  with  three 
or  four  (trips,  which  are  then  coated  once  more  with 
white  of  egg,  and,  laftly,  with  quicklime. 

r 

COMPOSITION  OF  WOULFE’s  APPARA- 
TUS WHEN  THE  BODIES  THAT  COME 
OVER  ARE  MERELY  GAZEOUS. 

If,  in  a diftillation,  the  body,  which  is  feparated, 
either  on  account  of  the  mutual  action  of  the  fub- 
ftances  with  which  it  is  in  contact,  or  by  the  a6tion 
of  heat,  come  over  entirely  in  the  form  of  gaz 
foluble  in  water,  the  apparatus,  in  order  to  ob- 
tain the  gaz  combined  with  water,  in  a liquid 
form,  is  conftruded  in  the  following  manner : The 
earthen  or  glafs  retort,  on  the  fand-bath,  water-bath, 
or  the  naked  fire,  is  joined  by  means  of  the  adopter, 
with  the  central  neck  of  a Woulfe’s  bottle  with  three 
necks.  In  one  of  the  collateral  necks  of  this  bottle 
the  tube  of  fafety  is  inferted  in  fuch  a manner 
that  it  nearly  touches  the  bottom.  The  other  col- 
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lateral  neck  is  conneöed  with  a Woulfe’s  bottle 
by  means  of  a communicating  tube  with  unequal 
ends,  fo  that  the  fhorter  end  only  reaches  into  the 
neck  of  the  bottle  with  three  necks,  whilft  the  other 
extends  almoft  to  the  bottom  of  the  bottle  with  two 
necks;  this  fecond  bottle  is  combined,  in  the  fame 
manner,  by  means  of  the  ufual  communicating  tube 
with  unequal  ends,  or,  which  is  preferable,  by  meaiis 
of  the  communicating  tube  with  the  fmall  capillary 
tube,  with  a third  bottle  with  two  necks.  (Fig,  2.} 
As  much  diddled  water  is  introduced  into  the  firll,  or 
the  bottle  with  three  necks,  previous  to  its  being 
luted,  as  to  allow  the  tube  of  fafety  to  be  immerfed 
about  half  an  inch.  That  quantity  of  water,  which 
from  experience  we  know  to  be  requifite  for  the 
abforption  of  the  gaz  which  comes  over,  is  then  dif- 
tributed  in  equal  proportions  in  the  fecond  and  third 
bottle.  The  tube  of  fafety  remains  open,  but  the 
ihort  capillary  tube  of  the  fecond  communicating  tube 
is  luted  in  fuch  a manner  that  it  may  be  opened  with 
facility  and  fpeed.  The  fecond  neck  of  the  third 
bottle  is  either  left  open,  or  (lightly  flopped  by  a cork. 

If  a tubulated  retort  be  made  ufe  of,  the  whole 
apparatus  is  luted,  and  the  fubftances  to  be  treated, 
or  at  lead  thofe  which  are  to  facilitate  the  develope- 
ment  of  the  gaz,  are  introduced  through  the  tubu- 
iure  of  the  retort.  On  the  contrary,  the  joinings  be- 
tween the  retort,  the  adopter,  and  the  fird  bottle,  re- 
main open  till  the  lad,  but  are  luted  the  moment  the 
bodies  have  been  introduced  through  the  neck  of  the 
retoit. 
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Now,  if  in  confequence  of  the  gradual  application 
of  heat,  the  fubftances  contained  in  the  retort  begin 
to  a61:  upon  each  other,  and  difengage  the  gaz,  it 
mixes  at  firft  with  the  common  air  confined  in  the 
retort,  the  firft  bottle,  and  the  firft  communicating 
tube,  which  is  thus  condenfed,  and  prefles  upon  the 
whole  furface  of  the  water  contained  in  the  firft  bottle, 
and  upon  that  of  the  water  in  the  communicating  tube 
of  the  fecond  .bottle. 

But,  as  the  refiftance  of  the  water  in  the  fecond  bottle 
is  equal  to  the  prefTure  of  a column  of  water  whofe 
height  equals  the  fum  of  the  heights  of  the  water  in 
the  fecond  and  third  bottle,  and  is  confequently  muck 
greater  than  the  refiftance  of  the  water  in  the  firft  bottle, 
which  at  moft  is  equal  to  that  of  a column  of  water 
of  one  inch  high,  it  follows,  that  the  furface  of  the 
water  in  the  immerfedend  of  the  communicating  tube 
in  the  fecond  bottle  remains  unaltered,  till,  by  the 
gradually  increafed  prefTure,  the  water  in  the  tube  of 
fafety  has  rifen  to  a height  which  equals  the  fum  of 
the  heights  of  the  water  in  the  fecond  and  third  bottle. 
If,  for  inftance,  the  water  in  the  fecond  and  third 
bottle  be  4 inches  high,  the  water  in  the  tube  of  fafety 
would  rife  8 inches  before  the  gaz  could  be  forced 
through  the  orifice  of  the  immerfed  end  of  the  firft 
communicating  tube. 

As  foon  as  the  prefTure  of  the  water  in  the  fecond 
bottle  is  overcome,  the  gaz  penetrates  through  the  wa- 
ter, in  the  form  of  bubbles,  into  the  fecond  bottle,  and 
from  thence  through  the  fecond  communicating  tube 
into  the  third  bottle.  During  this  tranfition,  the  gaz  is 
abforbed  by  the  water,  and  the  qircumftances  which 
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promote  the  abforption  are,  i,  the  date  of  compreffure 
both  of  the  gaz  and  water;  2,  the  minute  divi- 
fion  of  the  gaz  which  paffes  through  the  water ; 3, 
the  cool  temperature  which  is  to  be  maintained  in  the 
refrigeratory  veffels  in  the  manner  reprefented  by  the 
plate;  for  the  caloric  which  is  difengaged  from  the 
gaz,  frequently  raifes  the  water  to  ebullition. 

When  the  operation  is  once  commenced,  the  water 
in  the  tube  preferves  conftantly  the  fame  altitude, 
which  is  only  altered  in  the  following  cafes  : 

1.  When  the  developement  of  the  gaz,  by  impru- 
dently increafing  the  heat,  or  from  other  caufes,  takes 
place  with  fuch  rapidity,  that  the  gaz  cannot  pafs 
with  fufficient  fpeed  through  the  communicating  tube, 
and  confequently  accumulates  in  the  firft  bottle.  In 
this  cafe  the  water  rifes,  and,  if  the  mafs  be  great, 
and  the  tube  of  fafety  not  long  enough,  all  the  water 
in  the  firfl  bottle  is  forced  through  the  tube  of  fafety, 
and  the  apparatus  is  fpontaneoufly  opened.  The 
tube  of  fafety,  in  this  cafe,  therefore,  prevents  the 
apparatus  from  breaking. 

2.  When  the  denfity  of  the  water  in  the  fecond  and 
third  bottle  is  increafed  by  the  gaz  which  it  has  already 
imbibed.  For  this  reafon  we  fhould  never  pour  too 
much  water  into  one  bottle,  but  rather  difiribute  it  in 
feveral;  or  the  ends  of  the  communicating  tubes  fhould 
not  be  immerfed  fo  low,  becaufe  in  moft  operations 
the  denfity  of  the  liquid  is  at  laft  confiderably  in- 
creafed, and  of  courfe  the  refiftance  becomes  greater. 
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3-  As  foon  as  the  developement  of  the  gaz  begins 
to  decreafe,  the  water  in  the  tube  of  fafety  defcends. 
This  happens  either  towards  the  end  of  the  operation, 
or  when  the  heat  is  imprudently  diminiflied.  If  the 
apparatus  be  then  perfectly  cooled,  the  air  in  the  firll 
bottle  is  condenfed  to  fuch  a degree  that  the  atmofpheric 
air  enters  the  tube  of  fafety.  If  this  tube  were  wanted, 
the  water  containedTin  the  fecond  bottle  would  necef- 
farily  come  over  into  the  hrft.  It  would  be  the  fame 
with  the  third  bottle,  if  we  were  not  to  open  the  capil- 
lary tube  of  the' fecond  communicating  tube,  and  thus 
caufe  the  atmofpheric  air  to  enter.  If  die  communi* 
eating  tube  be  without  a capillary,  tube,  the  luting  of 
the  third  bottle  mull  be  iiiilantly  opened,  and  the 
bottle  itfelf  removed. 

4.  The  height  of  the  water  in  the  tube  of  fafety  de- 
creafes  alfo  at  laft,  in  confequence  of  the  fecond  and 
third  bottle  becoming  cooler,  or  when  from  any  other 
caufe  the  abforption  of  the  gaz  is  more  rapid  than 
its  developement, 

5.  Not  unfrequently  alfo  it  happens  in  the  midfl: 
of  the  operation,  that  the  gaz,  inftead  of  being  deve*’ 
loped,  is  abforbed  for  a Ihort  time  by  the  mafs  con- 
tained in  the  retort,  or  that  the  volume  of  this  mafs 
is  othervvife  fuddenly  diminifhed,  which,  in  like  man- 
ner, caufes  the  water  in  the  tube  of  fafety  to  fall. 

The  tube  of  fafety,  therefore,  fiot  only  defends  the 
apparatus  from  breaking,  but  alfo  prevents  the  fluids 
in  the  bottles  from  mixing.  It  ferves  moreover  as  a 
mean  by  which  wc  may  judge  of  theprogrefs  of  the 
bperation. 
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If,  during  the  procefs,  we  fhould  obferve  a fmall 
quantity  of  gaz  unabforbed  pafs  through  the  open 
neck  of  the  third  bottle,  a fourth  bottle  is  immedi- 
ately to  be  joined  with  the  third  bottle,  by  means  of 
a communicating  tube,  in  the  fame  manner  as  the 
third  bottle  is  conneded  with  the  fecond.  But  on 
this  occafion  we  fhould  not  forget  that  the  prelTurc  is 
increafed  in  the  firft  bottle,  and  confult  the  tube  of 
fafety. 

When  the  operation  is  finifhed,  and  the  apparatus 
cooled,  we  find  the  water  contained  in  the  bottles 
impregnated  with  the  developed  gaz,  and  more  lb 
in  the  firft  bottle  than  in  the  laft.  The  liquor  con- 
tained in  the  firft  bottle  is  frequently  not  quite  pure, 
becaufe  the  fmall  quantity  of  the  body  which  comes 
over  in  the  liquid  form  carries  along  with  it  the 
impurities  of  the  diftiiled  fubftances ; the  other  li- 
quors are,  however,  perfeBly  pure.  If  the  weight 
of  the  water  poured  into  each  bottle  has  been  accu- 
rately determined,  we  fliail  be  able,  after  the  opera- 
tion is  finiflied,  to  point  out  in  the  moft  precife 
manner,  from  the  increafe  of  weight,  not  only  the 
whole  weight  of  the  gaz  obtained,  but  alio  the  degree 
of  concentration  of  the  fiuids  in  each  bottle.  By  way 
of  example,  we  will  ftate  the  refult  of  an  operation 
which  has  been  actually  performed  : 

PREPARATION  OF  SPIRIT  OF  CAUSTIC 
AMMONIAC. 

One  pound  and  a half  of  dry  fal  ammonic  and 
4~-  pounds  of  quicklime  were  introduced  into  a glafs 


397  , 

retort  in  this  manner.  Half  a pound  of  lime  was 
put  at  the  bottom  by  itfelf,  upon  this  was  thrown  a 
mixture  of  pounds  lime  and  pound  fal  ammo- 
niac, and  the  whole  laftly  covered  with  the  remain- 
ing half  pound  of  lime.  The  retort  was  placed  on 
a fand-bath  and  conneHed  with  an  apparatus  of  the 
nature  before  defcribed.  Diftillation  was  now  com- 
menced, and  continued,  by  a heat  gradually  increafed 
to  the  ignition  of  the  retort,  till  the  gaz  ceafed  to  come 
over.  To  immerfe  the  tube  of  fafety,  three  ounces 
of  diftilled  water  were  poured  into  the  firft  bottle,  and 
half  a pound  into  the  fecond  and  third  each.  The  ap- 
paratus being  opened,  the  firft  bottle  was  found  to  con- 
tain 4 ounces  2 drams  40  grains  of  a foul  weak  fpirit 
of  fal  ammoniac;  the  fecond  bottle  i|- ounce,  28  gr. 
of  the  ftrongeft  and  pureft  fpirit  of  fal  ammoniac; 
and  in  the  third  bottle,  9^^  ounces  3 drams  16  grains 
of  an  equally  pure  but  weaker  fpirit. 
jfeottle.  Water.  Increafe  of  gaz. 

No.  1 3 ounces  1 ounce  2 drams  40  grains 

2 Bounces  4 ounces  28  grains 

3 Bounces  1 ounce  7 drams  16  grains 

19  ounces  7 ounces  2 drams  24  grains 
From  this  computation  it  appears  therefore,  that 
i|-  pound  of  fal  ammoniac  affords  7 ounces  2 drams 
24  grains  of  pure  gazeous  ammoniac,  which  dif- 
folved  in  19  ounces  of  water,  form  29  ounces  2 
drams  24  grains  of  fpirit  of  fal  ammoniac,  of  which 
the  fmall  portion  contained  in  the  firft  bottle  is  weak 
and  impure,  and  cannot  therefore  be  computed; 
that  contained  in  the  fecond  bottle  is  very  ftrong, 
fince  two  parts  water  contain  one  part  gaz;  that  the 
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third  portion  is  alfo  pure,  but  lefs  ftrong,  the  pro- 
portion of  the  gaz  to  the  water  being  about  i : 5. 

COMPOSITION  OF  Vt^OULFE’s  APPARA- 
TUS WHEN  THE  BODIES  COME  OVER 
BOTH  IN  THE  LIQUID  STATE  AND  IN 

THE  FORM  OF  GAZ. 

If  the  produHs  which  come  over  in  any  diflillation 
whatever,  appear  partly  in  a liquid  form,  and  partly 
' in  that  of  gaz,  three  different  cafes  may  occur. 

1.  That  the  gaz  which  comes  over  is  foluble  in 
water,  and  may  thus  combined  with  it  be  received 
feparately  from  the  body  which  comes  over  in  the 
liquid  Hate. 

2.  The  gaz  which  comes  over,  whether  it  be  folu- 
ble in  water  or  not,  may  be  colleHed  in  this  ftate, 
and  at  the  fame  time  the  liquid  body  may  be  feparated 
without  any  lofs. 

3.  If  the  gaz  which  comes  over  be  two-fold,  and 
partly  foluble  in  water  and  partly  not,  the  foluble 
part  combined  with  water,  the  infoluble  part  in  the 
form  of  gaz,  and  the  body  in  the  liquid  form,  all 
three  may  be  obta,ined  feparately  and  without  any 
iofs. 

In  the  firfl  cafe,  the  apparatus  is  difpofed  as  repre- 
fented  by  Fig,  1,  that  is,  the  beak  of  the  retort  is  in- 
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ferted  in  the  tubulated  balloon,  which  is  connefted 
by  means  of  a communicating  tube,  of  which  the  ends 
are  equal,  with  a Woulfe’s  bottle  with  three  necks,  in 
fuch  a manner  that  the  ends  of  the  communicating 
tube  only  reach  into  the  neck  of  the  balloon  and  of 
the  bottle.  In  one  of  the  collateral  necks  of  this  bottle 
we  infert  the  tube  of  fafety ; and  the  third  neck  is  com- 
bined with  a fecond  bottle,  by  means  of  a communica- 
ting tube  with  unequal  ends,  fo  that  the  fliorter  end 
only  extends  into  the  neck  of  the  firft  bottle,  and  the 
longer  end  almoft  to  the  bottom  of  the  fecond  bottle. 
In  fome  cafes,  this  fecond  bottle  may  be  linked  in  a 
fimilaf  manner  with  a third.  The  balloon  is  left 
empty;  in  the  firft  bottle  we  introduce  the  water 
which  is  required  for  the  immerfion  of  the  tube  of 
fafety,  but  in  the  fecond  and  third  bottle  we  pour 
the  water  which  is  to  abforb  the  gaz. 

The  body  which  in  the  diftillation  comes  over  in 
the  liquid  form  collefls  immediately  in  the  empty 
balloon,  and  remains  at  its  bottom  ; but  the  gazeous 
fluids,  after  having  forced  the  common  air  out  of  the 
apparatus,  rife  through  the  firft  communicating  tube 
into  the  firft  bottle,  where,  having  produced  the  necef- 
fary  preffure  in  the  tube  of  fafety,  they  pafs  on  through 
the  fecond  communicating  tube  into  the  fecond  bottle, 
to  combine  wy;h  the  water  which  it  contains.  After 
the  operation  is  ftnifiied,  the  balloon  is  found  to  con^ 
tain  the  liquid  body  which  has  come  over,  and  the 
fecond  bottle  the  gaz  abforbed  by  the  water. 

Though  in  cafe  ofneceflity  the  balloon  might  becon- 
ne£led  directly  with  the  fecond  bottle,  in  the  fame  man- 


tier  äs  this  bottle  isconne6ledwitb  thefirft;  yet  the  inter- 
mediate  bottle,  with  the  tube  offafety,  is  of  great  ufe, 
as  it  enables  us  to  judge  of  the  progrefs  of  the  opera- 
tion, and  prevents  the  water,  in  cafe  of  an  abforption 
of  air  in  the  retort,  from  paffing  into  the  balloon, 
where  it  would  not  only  mix  with  the  fluid,  but  might 
frequently,  on  account  of  the  great  heat  excited, 
produce  an  explofion  of  the  balloon,  and  thus  en^ 
danger  the  operator.  With  refpe6l  to  the  other  circum- 
Itances  and  cautions,  the  fame  obfervations  are  here 
applicable  which  we  mentioned  before. 

This  compofition  of  Woulfe’s  apparatus  is  made 
ufe  of  in  the  diftillation  of  ethers,  and  of  edulcorated 
acids,  but  efpecially  in  the  preparation  of  nitric 
acid,  which,  by  way  of  example,  we  will  proceed 
to  deferibe. 

PREPARATION  OF  NITRIC  ACID. 

Four  pounds  of  nitre,  deprived  by  fufion  of  its 
water  of  cryftallization,  were  pulverized,  and  intro- 
duced into  aglafs  retort;  the  apparatus  was  compofed 
in  the  manner  deferibed,  and  all  the  joinings,  except 
that  between  the  retort  and  the  balloon,  were  luted 
with  fat  lute  and  ftrips  of  linen.  Two  pounds  of  the 
beft  oil  of  vitriol  (that  of  Nordhaufen)  were  then 
poured  through  the  neck  of  the  retort  upon  the  nitre, 
the  joining  was  immediately  lecured,  and  diftillation 
commenced  on  the  fand-bath  by  a heat  at  firft  gentle, 
but  gradually  increafed  till  the  retort  became  red 
hot.  The  firft  bottle  contained  3 ounces  of  water 
for  the  immerfion  of  the  tube  of  fafety,  and  the 
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fecond  bottle  one  pint  of  water.  The  operation 
being  finifhed  the  balloon  was  found  to  contain  27 
ounces  and  2 drams  of  the  mod  concentrated  fuming 
nitric  acid ; in  the  firft  bottle  5 ounces  6 drams  of 
green  fuming  nitric  acid;  and,  in  the  fecond  bottle, 
26  ounces  of  drong  blue  nitric  acid. 


Bottle. 
Balloon 
No.  1 
2 


Water. 

3 ounces 
16  ounces 


Increafe. 

27  ounces  2 drams 
2 ounces  6 drains 
10  ounces 


19  ounces  40  ounces 

It  thus  appears  that  we  have  obtained  in  this  opera- 
tion, befides  the  27  ounces  2 drams  of  fuming  fpirit 
of  nitre,  in  which  the  acid  is  bound  by  the  water 
contained  in  the  fulphuric  acid  made  ufe  of,  12 
ounces  6 drams  of  nitrous  acid  gaz,  combined  with, 
the  19  ounces  of  the  water  employed. 

Second  Cafe.  If,  in  a diftillation,  where  the  bodies 
come  over  partly  in  the  form  of  gaz,  and  partly  in 
the  liquid  date,  we  widi  to  obtain  the  gaz  feparately 
from  the  liquid  over  water  or  mercury,  the  retort  is 
joined,  as  in  the  former  cafe,  with  the  tubulated 
balloon,  the  collateral  neck  of  which  is  connefted 
by  means  of  a recurved  tubulated  communicating 
t]ube  with  a bell  glafs“*  in  the  hydro  or  hydrar- 

* I take  it  for  granted  that  the  reader  is  acquainted  with  th» 
€ommon  mode  of  treatment  of  gazeous  bodies»  X« 
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gyropneumatic  apparatus.  The  fabftance  which  comes 
over  in  the  liquid  form,  is  here,  as  in  the  former 
cafe,  col]e8:ed  in  the  balloon  ; but"  the  gazeous  body 
paffes  through  the  communicating  tube  into  the  hydro 
or  hydrargyropneumatic  apparatus,  and  rifes  into  the 
bell-glafs  filled  with  water  or  mercury.  By  opening 
the  fhort  capillary  tube  of  the  communicating  tube 
we  fliall  at  all  events  prevent  the  tranfition  of  the 
water  or  mercury  from  the  bell  into  the  balloon.  This 
compofition  of  Woulfe’s  apparatus  is  frequently  made 
ufe  of  in  the  analyfis  of  organized  fubftances  by  dry 
diftillation. 

Third  Cafe.  If  we  know  before-hand  that  the 
gazes  to  be  obtained  in  a diftillation,  befides  the  body 
in  the  liquid  form,  are  two-fold,  and  that  one  is  fo- 
luble  in  water  the  other  not,  the  two  gazes  may  be 
obtained  feparately.  To  this  end  the  apparatus  is  com* 
pofed  exaftly  in  the  fame  manner  as  in  the  firft  cafe; 
and  a fecond  bottle  is  moreover  conneQed  by  means 
of  the  recurved  communicating  tube  with  the  hydro- 
pneumatic veffel.  The  liquid  body,  in  this  cafe,  as  in 
the  two  former,  comes  over  direfilly  into  the  balloon, 
but  the  gazeous  bodies  rife  through  the  communica- 
ting tube  into  the  firft  receiver,  and  from  thence 
into  the  fecond.  The  foluble  gaz  is  here  abforbed  by 
die  water,  and  the  infoluble  gaz  paffes  through  the 
bent  communicating  tube  into  the  bell  of  the  tube* 
The  tube  of  fafety  in  the  firft  bottle  indicates  the  pro- 
grefs  of  the  operation,  and  prevents  the  tranfition  of 
liie  water  into  the  balloon.,  but  the  capillary  tube  of 
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the  third  communicating  tube  is  of  great  ufe  in 
cafe  the  water  of  the  tub  fhould  come  over  into  the 
fecond  bottle. 

If  of  the  two  the  foluble  gaz  be  carbonic  acid  gazj 
we  ufually  apply  a folution  of  c^uftic  pot-afh  in  the 
fecond  bottle  inftead  of  pure  water,  becaufe  it  abforbs 
this  gaz  more  perfeäly  and  with  greater  fpeed. 

This  conftruQion  of  Woulfe’s  apparatus  is  princi- 
pally made  ufe  of  in  the  examination  of  organized 
fubftances  by  fire.  Wood,  for  inftance,  affords  by 
dry  diftillation,  an  acidulous  phlegm,  an  empyreuma- 
tic  oil,  inflammable  and  carbonic  acid  gaz;  To  obtain 
thefe  produfts  feparately  the  wood  is  diftilled  in  the 
apparatus  as  above  mentioned,  when  the  water  and 
oil  remain  in  the  balloon,  the  carbonic  acid  is  ab- 
forbed  by  the  cauftic  alkali,  and  the  hydrogen  gaz 
or  inflammable  air  paffes  over  into  the  bell.  Now, 
if  the  weight  of  all  thefe  bodies  be  afcertained,  we 
find  that  the  fum  of  the  weight  of  the  liquid  body,  of 
the  gazes,  and  of  the  refidual  carbon,  is,  fave  a 
very  fmall  lofs,  equal  to  the  weight  of  the  wood 
made  ufe  of. 
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APPLICATION  OF  WOULFE’s  APPARA- 
TUS FOR  THE  IMPREGNATION  OF 
WATER  OR  ALKALIS  WITH  CARBONIC 
ACID. 

Several  ingenious  apparatus  had  been  invented  for 
the  impregnation  of  water  with  carbonic  acid  gaz, 
but  moft  of  them  are  very  complicated  and  expen- 
five.  Woulfe’s  apparatus  anfwers  this  end  in  a much 
cheaper  and  fimpler  way. 

For  this  purpofe  a Woulfe’s  bottle  with  two  necks  is 
conneHed  with  a fecond  bottle  alfo  with  two  necks,  by 
means  of  a communicating  tube  with  unequal  ends, 
in  fuch  a manner,  that  the  longer  end  enters  the  fecond 
bottle.  After  an  optional  quantity  of  pure  water  has 
been  introduced  into  this  fecond  bottle,  it  is  conneHed 
in  a fimilar  manner  with  a third  bottle,  and  this  with  a 
fourth.  All  the  joinings  having  been  fccured  by  lute 
of  almonds,  powdered  chalk  and  highly  diluted  ful- 
phuric  acid  is  alternately  introduced  through  the  fe- 
cond neck  of  the  firft  bottle,  which  is  clofcd immediately 
after  by  means  of  a cork.  The  carbonic  acid  gaz, 
generated  during  the  folution  of  the  chalk  in  the 
fulpharic  acid,  comes  over  into  the  fecond  bottle,  and 
what  is  here  not  entirely  ablorbed  by  the  water,  paffes 
on  to  the  third  bottle,  See,  After  the  operation  has 
been  continued  for  fome  time,  the  water  in  the  hot* 
ties  is  found  to  be  highly  faturated  with  the  carbonic 
acid.  The  folution  of  the  dialk  fhould  be  carried 
on  very  (lowly,  left  the  .violent  effervefcence,  and 
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the  great  degree  of  heat,  caiife  the  fulphuric  acid  to 
go  over  and  mix  with  the  water. 

In  this  manner  a folution  of  pot-afh  or  foda  may 
be  completely  faturated  with  carbonic  acid,  and 
changed  into  a perfe8:  mild  ftate.  With  a diluted 
folution  of  pot-afh  we  prepare  alfo  the  acidulous 
water  now  fo  famous  for  diffolving  the  ftone;  if  the 
lie  be  concentrated,  very  beautiful  cryftals  of  the 
neutral  carbonic  acid  fait  will  be  formed  during  the 
operation.  For  thisreafon  the  communicating  tubes 
fhould  be  always  fomewhat  wider  in  this  operation, 
that  they  may  not  be  fo  eafily  obftru6led  by  the 
cryftals. 
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A. 

Acids,  138. 

animal,  140. 

— — mineral,  141. 

oxygenated,  140. 

vegetable,  140. 

Acid,  acetic,  874. 

acetous,  864, 

aerial,  283. 

arfenic,  673. 

benzoic,  781. 

■ bombic,  10S6. 

I boracic,  266. 

camphoric,  769. 

——  carbonic,  283-288. 

citric,  785. 

fluoric,  275. 

— - — formic,  1081-1085. 

gallic,  791. 

laftic,  924. 

lithic,  1073. 

malic,  787. 

molybdic,  693. 

muriatic,  204. 

— muriatic  oxygenated. 


Acid,  nitric,  165. 

nitro-muriatic,  226. 

nitrous,  183. 

oxalic,  783. 

oxygenated,  144. 

phofphoric,  1029. 

phofphorous,  1043. 

pruibc,  959. 

pyro-ligneous,  799. 

mucous,  818. 

■  1 — ’ tartareous,  858. 

of  fugar,  772. 

faccho-laftic,  922. 

■  febacic,  1009. 

fuccinic,  474. 

fulphuric,  415-420. 

fulphureous,  428. 

tartareous,  854. 

— ^ — tungilic,  684. 

Acetite  of  ammoniac,  868, 

copper,  871, 

lead,  877. 

m,ercury,  880. 

^ — potafli,  864. 

— foda,  867. 

Aethiops,  martial,  579, 
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Aethiops,  mineral,  557. 

perfe,  535. 

Affinity,  chemical,  17. 

—  compound,  30. 

— — — diveüent,  41. 

—  — double,  40. 

— quiefcent,  40. 

fimple,  30. 

Air,  fixed,  283. 

inflammable,  123. 

Alchemifts,  their  opinion  of 

folvents,  28. 

Alcohol,  830-852. 

Alkaheft,  186. 

Alkali,  fixed  mineral,  146. 

• — aerated  fixed  mineral, 

197. 

fixed  vegetable,  146. 

—  aerated  fixed  vegetable, 

190. 

Alkalis,  138. 

Alum,  388. 

■  burnt,  392. 

Alumine,  312,  386, 

Amalgam,  560. 

Amber,  471. 

Ambergris,  482-483. 
Ammoniac,  pure,  236. 

Analyfis,fpurious  or  complex, 8.> 

true  or  fimple,  8. 

Antimony,  612. 

Aquafortis,  169. 

— - — ancdyna,  838. 

■  regia,  226. 

vulneraria  cum  aceto, 

882. 

Arbor  dianae,  562. 

Arcanum  duplicatum,  241. 
A-i'gent  hache,  683. 

Aroma,  701. 


Arfenic,  fixed,  676. 

— red,  680. 

* white,  675. 

yellow,  688. 

Afbeilos,  365. 

Affies  of  plants,  8'o2-8o4,  8 1 1 
Afphaltum,  467. 

Atmofphere,  88.  ' '' 
Attraction,  13. 

of  compofition,  17 

Aurum  mufivum,  603. 

Azot,  97. 

B. 

Balfams,  764. 

artificial,-  908. 

— Ruland’s,  of  fulphur 

757. 

Baryt,  312-348. 

Bafes,  acidifiable,  143. 

of  acids,  142. 

Bile,  969-975. 

Bifmuth,  651'. 

Bitumen,  fluid,  40S. 

foiid,  408. 

Black  lead,  594. 

Blende,  artificial,  649. 

pech,  696. 

Blood,  940-968. 

Blue,  Prulfian,  962. 

Bodies,  combuftible,  101*408, 

gazcous,  57. 

• liquid,  57. 

phofphorefcent,  86. 

foiid,  57. 

Borate  of  ammoniac,  272. 

potalb,  27'0. 

Borax,  259. 

calcined,  262, 

Brafs,  650. 

Butter,  915. 


index; 
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Butter  of  antimony,  632, 

arfenic,  682. 

bifmuth,  655. 

cocoa,  752. 

tin,  555. 

wax,'  817. 

Buttermilk,  919. 

C. 

Calcination,  loi. 

Calculi,  biliary,  975. 

Caloric,  52. 

Calorimeter,  78. 

Camphor,  767,  769. 
Candefcence,  77. 

Cantharides,  1087,  1088. 

Carat,  513. 

Carbon,  289. 

Carbonate  of  alumine,  398. 

ammoniac,  238-303. 

baryt,  361. 

lime,  344. 

acidulous  of  lime, 

347- 

magnefia,  382. 

potafli,  290. 

foda,  297. 

Cartilages,  1019. 

Caftoreum,  1089. 

Chalk,  344. 

Chamseleon  mineralls,  674. 
Charcoal,  805. 

Chemiftry,  definition  of,  i. 
Cinnabar,  artificial,  558, 

of  antimony,  632. 

Coagulum  of  blood,  941,  947. 
Cobalt,  662. 

Cohefion,  14,  15, 

Cold,  76. 

Combufiion,  101. 

Condudlors  of  heat,  72. 


Congelation,  61, 

Conferves,  8^5,  8 98, 

Copper,  564. 

Cream  of  lime,  320, 

rnilk,  915. 

tartar,  853. 

Crocus  antimonii,  623. 

martis  aperient,  578. 

aftringent,  575, 

— metallorum,  623. 

Cry  Rais,  Hierne’s,  845., 

of  tartar,  B53« 

D. 

Decoftion,  710. 

Decompofition,  4. 

by  fimple  affinity,  39. 

by  double  affinity,  40« 

Decrepitation,  203. 

Diamond,  409. 

Dudtility,  488. 

E. 

Earth,  31 1. 

abforbent,  413, 

of  adam  antine  fpar,  407, 

aerated  ponderous,  361. 

argillaceous,  386. 

elementary  or  fimple, 

312. 

mild  calcareous,  344, 

ponderous,  312. 

filiceoiis,  312,  399. 

vitrifiable,  399. 

Eau  de  luce,  481. 
Effcrvefcence,  35. 

Eggs,  1014-1418. 
Elaeofaccharum,  892. 
Electuary,  907. 

Elements,  io-x2. 

Elixirs,  763. 
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Emulfion,  75S. 

Effences,  76^. 

Ether,  acetic,  875. 

• muriatic,  848. 

of  nitre,  845. 

r-  febacic,  101 1. 

fulphur,  840. 

Eudiometer,  113. 

■ — of  Fontana,  178, 

Scheele,  434. 

Excrements,  1074. 

Extra£ls,  dry,  foft,  fimple, 

compound,  723, 

Extrads,  aqueous  or  gummy, 
719. 

Extrads  of  bile,  970. 

blood,  942. 

lead,  876. 

milk,  913. 

— ■ ■ fpirituous,  763. 

F. 

Faeces,  1074. 

Farina,  727. 

Fat,  1005. 

of  caftoreum,  1089. 

Feathers,  1051. 

Fecula,  724. 

Fermentation,  826. 

acid,  859-883. 

fpirituous,  827. 

Fire,  77. 

Flame,  77. 

Flefl],  i023'I026. 

Flour,  1027. 

Flowers,  argentine  of  antimo- 
ny, 613. 

Flowers  of  benzoin,  781. 

bifmuth,  652. 

— fal  ammoniac,  232. 


Flowers  of  martial  fal  ammo- 
niac, 590. 

Flovversof  fulphur,  413. 

zinc,  642. 

Filiate  of  ammoniac,  282. 

• lime,  339, 

potaili,  280. 

foda,  281. 

Fluor  mineral,  33  g. 

Fungus  philofophicus,'  174. 
Fufion,  59. 

G. 

Gaz,  62-64. 

carbonic  acid,  285. 

fluoric  acid,  275. 

hepatic,  433. 

hydrogen,  123. 

muriatic  acid,  213. 

■  nitrogen,  97. 

nitrous,  169. 

nitrous  acid,  165. 

oxygen,  97. 

oxygenated  muriatic  acid, 

204. 

phofphorated  hydrogen, 

1045. 

fiilphureous  acid,  425. 

fulphurated  hydrogen, 

433- 

Glafs,  403. 

of  antimony,  620, 

of  borax,  262. 

Gluten  of  farina,  727, 

Gold,  502. 

■  fulminating,  507* 

Gum,  762. 

copal,  484. 

refill,  765. 

Gunpowder,  457. 
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Gypfum,  325. 

burnt,  327. 

flaked,  328. 

ftriatiim,  325, 

H. 

Hair,  1050. 

Heat,  abfolute,  78. 

animal,  104. 

free,  69. 

latent,  68. 

fenfible,  69. 

fpecific,  67. 

Hepar  of  arfenic,  676. 
Horns,  1027. 
Hydrogen,  123. 
Hydromel,  829. 

T. 

Ice,  13. 

Inflammation,  77. 

Iron,  595. 

J. 

Jargon,  405. 

Jelly  animal,  1020. 

Jet,  468. 

Juice,  gaftric,  976. 

K. 

Kermes  mineral,  625. 

L. 

Lapis  calaminaris,  650. 

caufticus,  230. 

Lead,  604. 

Ligaments,  1019. 
Light,  82-87. 

Lime,  312. 

- aerated,  344. 
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Lime,  quick,  315. 

flaked,  318. 

Limeftone,  344. 

Liniments,  909. 

Liquor,  anodyne  of  HofFmann, 
844.' 

Liquor,  fuccinated  of  hartlhotn, 
478- 

Liquor  of  Flints,  400. 
Lithantraces,  469. 

Litharge,  605. 

Luna  cornea,  526. 

Liver  of  antimony,  621* 
baryt,  447. 

M. 

Magiftery  of  bifmuth,  654. 

fulphur,  446. 

Magnefia,  365. 

Malleability,  488. 

Malta,  466. 

Manganefe,  688. 

Manheim  gold,  650. 

Marble,  344. 

Maflicot,  605. 

Matter,  faccharine  of  flour,  727. 

— : vegeto  animal,  727. 

Membrane,  cellular,  1019. 
Menftruum,  27. 

Mercury,  534. 

calcined,  535. 

red  precipitate  of,  543. 

white  precipitate  of, 

545- 

Mercurius  cofmeticus,  545. 

dulcis,  551. 

vitae,  634. 

Metals,  130-486,  501. 

noble,  497. 

Milk,  922-939* 


I 
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Milk,  Iklmmed,  915, 

•Minerals,  130. 

Minium,  605. 

Miraculum  chemicum,  337. 
Mixture,  20. 

Mould,  vegetable,  886. 
Moiybdena,  692. 

Mucilage,  762. 

Muriate  of  aiumine,  397. 

amrnoniac,  231. 

baryt,  358. 

■  lime,  334. 

magnefia,  377. 

potalh,  228. 

oxygenated  of  potafli, 

220. 

of  tin,  556. 

Mufcles,  1023. 

Mulk,  1090. 

N. 

Naphtha,  463-464. 

Nerves,  1019. 

Nihil  album,  642. 

Nickel,  6 f 7.  ' 

Nitre,  153. 

calcareous  or  earthy, 

350- 

Nitrate  of  aiumine,  396. 

— — > — ammoniac,  193. 

■  baryt,  354. 

lime,  330. 

rnagnefia,  373. 

potafh,  153. 

— filver,  522.  ' 

— foda,  190. 

Nitrite  of  pot-aOi,  189. 
Nitrogen,  97. 


O. 

Oil  of  alum,  416. 

amber,  47  5. 

camphor,  769. 

empyreumatic,  800, 

eflential,  743. 

etherial,  743, 

exprefled,  751. 

fat,  751.' 

glacial  of  vitriol,  42-r. 

iron,  589. 

lime,  335, 

vitriol,  416. 

volatile,  743. 

Orpiment,  680. 

Oxidation,  loo. 

Oxides,  100. 

Oxygen,  97.' 

P. 

Petroleum,  465. 

Phofphate  of  aiumine,  1037. 

• ammoniac,  1035. 

baryt,  1037. 

lime,  1036. 

■  iron,  104^ 

magnefia,  1037. 

potafii,  1033. 

foda,  1034. 

Phofphorus,  1039. 

Baldwin’s,  332, 

■  bononian,  449. 

Canton’s,  444. 

— Homberg’s,  335. 

Pitcoal,  469. 

Plafiers,  910. 

Platina,  514. 

Plumbago,  5945^ 
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Plumbum  corneum,  604. 
Pompholix,  642. 

Potafii,  put's  or  cauftic,  293. 

aerated,  290. 

mild,  290. 

vitriolated,  241, 

Powder  of  algaroth,  634. 

fulminating,  454. 

Precipitate  of  metal,  500. 

purple  of  Caffius,  510. 

Precipitation,  35. 

Prince's  metal,  650. 

Principle  aftririgent  of  plants, 

791. 

Principles,  firfl,  10. 

Pruffiate  of  ammoniac,  966. 

• lime,  966. 

potafh  or  foda,  961. 

Pfeudomembrana  Ruyfchii, 
1078. 

Pulvis  Carthufianorum,  628. 
Pus,  992-998. 

Putrefaflion,  animal,  1096. 

- ■ — vegetable,  884. 

Pyrites,  411. 

" artificial,  592. 
Pyrometer,  Wedgwoods,  78. 

Q. 

Quarz,  399. 

R. 

Radicals  of  acids,  142. 
Reduftion  of  mcta'S,  497.  ' 
Regulus  of  antimony,  612. 
Refins,  763. 

Ruft,  578. 


S. 

Sal  ammoniac,  231. 

Glauber’s  fixed,  334. 

Sal  polychreft  of  glazer,  451. 
Saliva,  987-991. 

Saltpep-e,  153. 

Salt,  bitter,  367. 

Glauber’s  leeret  ammo* 

niacal,  254. 

fedative,  266. 

volatile  of  vitriol,  420. 

Salts,  130. 

acidulous  neutral,  152. 

Saturation,  24-25, 

Selenite,  325. 

Semen,  999-1004. 

Serpentine,  365. 

Serum  of  blood,  941,  943,  946, 

milk,  916. 

Silex,  312-399. 

Silk,  1052. 

Silver,  521. 

fulminating,  524*  i 

Skin,  1019. 

Soap,  acid,  754. 

— vegetable,  756. 

Soda,  pure  or  cauftic,  301. 

— — 7-  vitriolated,  248.  , 

Solution,  17. 

Solvents,  27. 

Soot,  823. 

Spar,  ponderus,  350. 

Spirit,  Beguin’s  fuming,'440. 

of  Libavius,  555. 

of  fulphur  by  the  bell, 

417. 

volatile  of  fulphur,  428, 

of  vitriol,  421. 
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Steel,  593. 

Sugar,  770. 

of  lead,  S77. 

of  milk,  920,  923. 

Sulphate  of  alumine,  388. 

■  ammoniac,.,  254. 

baryt,  350.  ^ 

copper,  56Ö. 

iron,  581. 

lead,  607.  . 

lime,  325. 

magnella,  367. 

potafli,  241. 

acidulous  ofpotafii,  246. 

• foda,  248. 

■  acidulous  of  foda,  253. 

zinc,  645. 

Sulphite  of  potalli,  247. 
Sulphur,  411. 

golden,  of  antimony 

of  the  firft  precipi- 
tation, 625. 

golden,  of  antimony 

of  the  fecond  and 
third  precipitation, 
626. 

Sulphurets,  431. 

Sulphuret  of  ammoniac,  440. 

baryt,  447. 

copper,  573. 

—  lead,  611. 

—  lime,  443. 

■  magnefia,  450. 

potafii  and  foda,  432. 

filver,  531. 

Sweat,  IC75. 

Synovia,  1053. 

Synthefis,  4. 


T. 

Tables  of  affinity,  37. 

Tartar,  853. 

emetic,  640. 

vitriolated,  241. 

Tears,  980-984. 

Telefcopes,  achromatic,  606. 
Temperature,  70. 

Tempering  of  iron,  577. 
Tenacity,  488; 

Tendons,  1019. 

Terra  circonia,  405. 
Thermometer,  70-78. 

Tin,  596.  ^ 

Tinctures,  763, 

Tin.dture  of  amber,  472. 

Stahhs  alkaline  of 

iron,  586. 

fimple  or  tartarized 

624. 

Tomback,  650. 

Tungften,  685. 

Turbith  mineral,  538. 

U. 

Uranite,  696. 

Urin,  1061-1067. 

V. 

Vcrdegrls,  870. 

diftilled,  871. 
Vinegar,  8 61. 

diftilled,  863. 
of  milk,  924. 
radical,  873.  ^ 
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Vitriol  of  copper,  566. 

— iron,  581. 

zinc,  645. 

W. 

Water,  114. 

acidulous  mineral,  z84. 

— ■ ■ ■ chalybeate,  591. 

lime,  319, 

■ ■">  phagedenic,  550. 
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Water,  fimple  diftllled,  Ii5. 
Wax,  760. 

virgiit,  760* 

Wolfram,  685. 

Wool.  1050. 

Z. 

Zaffre,  663. 

Zinc,  641. 


EXPLANATION  OF  THE  PLATE. 


Fig.  1.  Woulfe’s  apparatus  with  luted  junftures, 
for  the  reception  of  gazeous  and  liquid  bodies. 

Fig.  2.  Woulfe’s  apparatus  for  the  diftillation  of 
filch  bodies  as  come  over  in  the  form  of  gaz  only, 
with  refrigeratory  vefl'els,  and  jundures  not  luted. 

Fig.  3.  A Woulfe’s  bottle  with  3 necks. 

Fig.  4.  A Woulfe’s  bottle  with  2 necks. 

Fig.  5.  The  balloon. 

Fig.  6.  The  adopter. 

Fig.  7.  A communicating  tube  with  a fhort  capil- 
lary tube,  and  one  of  its  ends  curved. 

Fig.  8.  A communicating  tube  with  a capillary 
tube,  and  unequal  ends. 


